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(54) Vehicle stability control apparatus having obstacle detector and automatic brake-application 
device 



(57) A vehicle stability control apparatus including a 
vehicle running stability control device for controlling an 
automotive vehicle for stable running of the vehicle, and 
a braking device for applying a brake to the vehicle, 
wherein a hazard detecting device (224,226) for detect- 
ing a hazardous condition of the vehicle such as a colli- 
sion of the vehicle with an obstacle and a deviation of 



the vehicle from the nominal running path, and an auto- 
matic brake application device (150) is operable to acti- 
vate the braking device, when the hazardous condition 
is detected at least during an operation of the vehicle 
running stability control device. 



CM 
< 
C\J 

o> 

CD 

o 



FIG. 2 IM^ JHAZARP LAMP I [ALARM INDICATOR! ^- 186 221 



ML 



so 



-X-.T 



POWER 
SOURCE DEVICE 



190 



150 — IT 



— onr ■ I f — 



DRIVER 

ciRCurr 



PUMP 
MOTOR , 

Cla 



-82 



!!! 



so 



sihfl| \ 
ft A 



170 



-IIUHII r 

iiiSiilS 
mm? 



187 
162 



ll*— * 



IMAGE DATA 
PROCESSING DEVICE 



fe d CAMERAS -f ~ 224 



223 



--f — r~ J 1Ht l — 

iTtj * 

-JT L. _ 



f-- 88 



slafr] 
>irfr| ^ 

68 



fc^fP^ 1 



IS-** 

. — — — — — w~— 



^slariI 

^s(rRL^ 



^1 ALARM RELEASING MEWBERf MANUALLY OPERATED) I 
^r j STEERING ANGLE SENSOR - ] — 216 
j L.fcrr ^ YAW RATE SENSOR 4 —218 

^1 LATERAL ACCELERATION SENSOrI -220 
zzj VEHICLE SPEED SENSOR T — 222 
L 



slarr] 



! 176 




Q. 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRSJ/3.6 



1 



EP 1 075 992 A2 



2 



Description 

[0001] This application is based on Japanese Pat- 
ent Application Nos. 11-225372 filed August 9, 1999 
and 2000-172059 filed June 8, 2000, the contents of 5 
which are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention w 

[0002] The present invention relates in general to a 
vehicle stability control apparatus adapted to assure 
stable running of an automotive vehicle, and more par- 
ticularly to techniques for improving running safety of is 
the vehicle. 

Discussion of Related Art 

[0003] A so-called "vehicle stability control (VSC) W 20 
is known, wherein a vehicle running stability control 
device is operated under a hazardous running condition 
of an automotive vehicle, to apply a brake to at least one 
wheel of the vehicle, and/or reduce an output of an 
engine of the vehicle, as disclosed in US Patent No. 25 
5,873,802 by was of example. Under some running con- 
ditions of the vehicle, a vehicle running stability control 
is not sufficient or effective to assure stable running or 
turning of the vehicle, namely, to safely clear an obsta- 
cle or prevent a collision of the vehicle with the obstacle, 30 
or to prevent a deviation of the running vehicle from the 
nominal running path or traffic lane of the vehicle. JP-A- 
1 0-264795 discloses an example of an improved vehi- 
cle stability control apparatus which is adapted to deal 
with such a problem that may happen under severe 35 
vehicle running conditions beyond the capacity of the 
conventional vehicle stability control. This apparatus is 
equipped with a CCD (charge-coupled device) camera 
for obtaining an image of a scene in front of the vehicle 
as seen by the vehicle operator in the vehicle running 40 
direction. Described more specifically, the improved 
vehicle stability control apparatus incorporates obsta- 
cle-clearance determining means for detecting an 
obstacle which lies in front of the vehicle in a running 
path of the vehicle, on the basis of image data obtained 45 
by the CCD camera, and for determining whether it is 
possible to control the vehicle so as to prevent a colli- 
sion of the vehicle with the obstacle. When the obstacle- 
clearance determining means determines that the vehi- 
cle running stability control does not permit the vehicle so 
to be adequately controlled so as to clear the detected 
obstacle, the vehicle stability control apparatus termi- 
nates its vehicle stability control upon detection of a 
vehicle operator's manipulation to prevent a collision of 
the vehicle with the obstacle. 55 
[0004] The vehicle stability control apparatus dis- 
closed in the above-identified publication is arranged 
such that the vehicle operator's manipulation of the 



vehicle is predominant over the control performed by 
the vehicle running stability control apparatus, in the 
event that a collision of the vehicle with the obstacle is 
highly expected in the process of the vehicle running 
stability control, so that the vehicle collision with the 
obstacle can be prevented, rather than the vehicle run- 
ning or turning stability control is continued. Accord- 
ingly, the apparatus assures safe running of the vehicle 
even under severe running conditions beyond the vehi- 
cle running stability, control. However, the apparatus 
relies upon an adequate manipulation of the vehicle 
operator to clear the obstacle by brake application to the 
vehicle and/or operating the steering wheel. In some 
emergency cases, the vehicle operator may bet at a 
loss or get puzzled with a hazardous running condition 
of the vehicle, and cannot take an appropriate measure 
to adequately control the vehicle. If the vehicle operator 
did not manipulate the vehicle at all under such a haz- 
ardous running condition, the vehicle running stability 
control would be continued, leading to a possibility of 
the vehicle collision with the obstacle. When the vehicle- 
operator's manipulation is performed, the vehicle run- 
ning stability control is terminated, but the vehicle colli- 
sion with the obstacle cannot be prevented if the 
manipulation is not adequate. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present inven- 
tion to provide a vehicle stability control apparatus 
which assures safe running of the vehicle without an 
adequate manipulation of the vehicle by the vehicle 
operator in the event of a determination that there is a 
risk of a collision of the vehicle with an obstacle or a 
deviation of the vehicle from the nominal running path or 
traffic lane of the vehicle. 

[0006] The above object may be achieved by a vehi- 
cle stability control apparatus according to any one of 
the following modes of the present invention, each of 
which is numbered like the appended claims and 
depends from the other mode or modes, where appro- 
priate, to indicate and clarify possible combinations of 
elements or technical features. It is to be understood 
that the present invention is not limited to the technical 
features or any combinations thereof which will be 
described for illustrative purpose only. It is to be further 
understood that a plurality of elements or features 
included in any one of the following modes of the inven- 
tion are not necessarily provided all together, and that 
the invention may be embodied without some of the ele- 
ments or features described with respect to the same 
mode. 

(1) A vehicle stability control apparatus comprising 
a vehicle running stability control device for control- 
ling an automotive vehicle for stable running of the 
vehicle, and a braking device for applying a brake to 
the vehicle, said apparatus further comprising: 
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a hazard detecting device for detecting a haz- 
ardous condition of the vehicle; and 
an automatic brake application device operable 
to activate the braking device, when the hazard 
detecting device has detected the hazardous 5 
condition of the vehicle at least during an oper- 
ation of the vehicle running stability control 
device. 

w 

In the conventional vehicle stability control 
apparatus, an operation of the vehicle running sta- 
bility control device is terminated upon determina- 
tion that there is a risk of a collision of the vehicle 
with ah obstacle, if the vehicle operator has oper- 75 
ated the braking device and also operated the 
steering wheel during the operation of the vehicle 
running stability control device, and if the direction 
of operation of the steering wheel permits the vehi- 
cle to clear the obstacle. 20 

In the vehicle stability control apparatus 
according to the above mode (1) of this invention, 
the vehicle is automatically braked by the automatic 
brake application device, to assure a safe state of 
the vehicle, without an adequate manipulation of 25 
the vehicle by the vehicle operator, upon detection 
of a hazardous condition of the vehicle during an 
operation of the vehicle running stability control 
device, for instance, in the event of determination 
that there is a risk of a collision of the vehicle with 30 
an obstacle or a deviation of the vehicle from the 
nominal running path, during an operation of the 
vehicle running stability control device. The auto- 
matic brake application device may or may not be 
operated to automatically brake the vehicle upon 35 
detection of the hazardous condition of the vehicle 
while the vehicle running stability control device is 
not in operation. 

(2) A vehicle stability control apparatus according to 
the above mode (1 ), wherein the hazard detecting 40 
device includes an obstacle detecting device for 
detecting an obstacle in front of the vehicle as seen 
in a running direction of the vehicle, and the auto- 
matic brake application device is operated to acti- 
vate the braking device, when an output of the 45 
obstacle detecting device at least during an opera- 
tion of the vehicle running stability device indicates 
that there, is a risk of a collision of the vehicle with 
the obstacle. 

In the vehicle, stability control apparatus so 
according to the above mode (2), the vehicle is 
automatically braked by the automatic brake appli- 
cation device, to prevent the collision of the vehicle 
with the obstacle, without a manipulation of the 
vehicle by the vehicle operator, in the event of 55 
determination that there is a risk of the vehicle col- 
lision while the vehicle running stability control 
device is in operation. The automatic brake applica- 



tion device may or may not be operated in the^vent 
of determination of the presence of the risk of the 
vehicle collision while the vehicle running stability 
control device is not in operation. 

(3) A vehicle stability control apparatus according to 
the above mode (2), wherein the automatic brake 
application device is operated during an operation 
of the vehicle running stability control device, when 
the output of the obstacle detecting device indi- 
cates that there is the risk of the collision of the 
vehicle with the obstacle. 

In the vehicle stability control apparatus 
according to the above mode (3), the automatic 
brake application device is operated when it is 
determined that there is a risk of the vehicle colli- 
sion with the vehicle while the vehicle running sta- 
bility control device is in operation to improve the 
running stability of the vehicle. The operation of the 
vehicle running stability control device means that 
the vehicle is running in some hazardous condition. 
Accordingly, when the output of the obstacle detect- 
ing device indicates a risk of the vehicle collision 
with the obstacle during an operation of the vehicle 
running stability control device, it is generally diffi- 
cult for the vehicle operator to manipulate the vehi- 
cle, that is, to operate the braking device and the 
steering wheel, so as to safely clear the obstacle. In 
other words, the vehicle operator's manipulation of 
the vehicle is not necessarily sufficient or effective 
to prevent the vehicle collision with the obstacle. In 
the present vehicle stability control apparatus, on 
the other hand, the automatic brake application 
device assures an adequate brake application to 
the vehicle to safely prevent the vehicle collision 
with the obstacle, even in such an event. 

(4) A vehicle stability control apparatus according to 
the above mode (1), wherein the hazard detecting 
device includes a vehicle-deviation determining 
device for determining whether there is a risk of a 
deviation of the vehicle from a nominal running path 
of the vehicle, the automatic brake application 
device being operable to activate said braking 
device, when an output of the vehicle-deviation 
determining device at least during an operation of 
said vehicle running stability control device indi- 
cates that there is said risk of the deviation of the 
vehicle from the nominal running path. 

In the vehicle stability control apparatus 
according to the above mode (4), the vehicle is 
automatically braked by the automatic brake appli- 
cation device, to prevent the deviation of the vehicle 
from the nominal running path, without a manipula- 
tion of the vehicle by the vehicle operator, in the 
event of determination that there is a risk of the 
vehicle deviation while the vehicle running stability 
control device is in operation. The automatic brake 
application device may or may not be operated in 
the event of determination of the presence of the 
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risk of the vehicle deviation while the vehicle run- 
ning stability control device is not in operation, 
(5) A vehicle stability control apparatus according to 
the above mode (4), wherein the automatic brake 
application device is operated during an operation 5 
of the vehicle running stability control device, when 
the output of the vehicle-deviation determining 
device indicates that there is the risk of the devia^ 
tion of the vehicle from the nominal running path. 

In the vehicle stability control apparatus io 
according to the above mode (5), the automatic 
brake application device is operated when it is 
determined that there is a risk of the vehicle devia- 
tion from the nominal running path, while the vehi- 
cle running stability control device is operated to 75 
improve the running stability of the vehicle. The 
operation of the vehicle running stability control 
device means that the vehicle is running in some 
hazardous condition, in which the vehicle operator 
rarely has an intention to change the traffic lane 20 
from the present one to the adjacent one. That is, 
the vehicle deviation indicated by the output of the 
vehicle-deviation determining device is not desired 
by the vehicle operator, and must therefore be pre- 
vented by automatic brake application to the vehicle 25 
by operation of the automatic brake application 
device. 

(6) A vehicle stability control apparatus according to 
the above mode (4) or (5), wherein the vehicle-devi- 
ation determining device includes a lane detecting 30 
device for detecting a lane-defining line which 
defines a traffic lane on which the vehicle is run- 
ning, the vehicle-deviation determining device 
determining that there is a risk of the deviation of 
the vehicle from the nominal running path, when an 35 
angle between the lane-defining line detected by 
the lane detecting device and a longitudinal direc- 
tion of the vehicle is larger than a predetermined 
upper limit. 

The determination as to whether there is a risk 40 
of deviation of the vehicle from the nominal running 
path may be effected by detecting the traffic lane on 
which the vehicle is running, and estimating the 
running path along which the vehicle is going to run. 
However, the vehicle-deviation determining device 45 
of the vehicle stability control apparatus according 
to the above mode (6) of the invention is adapted to 
make the determination on the basis of the longitu- 
dinal direction of the vehicle as compared with the 
detected lane-defining line. This manner of determi- so 
nation is relatively simple, and the vehicle -deviation 
determining device is available at a reduced cost. 
However, the vehicle-deviation determining device 
may include a running-path estimating device for 
estimating the vehicle running path, as well as the 55 
lane detecting device. 

(7) 7. A vehicle stability control device according to 
the above mode (6), wherein the vehicle-deviation 



determining device further includes a running-path 
estimating device for estimating an actual running 
path of the vehicle, on the basis of a yaw rate of the 
vehicle. 

The vehicle-deviation determining device is 
capable of determining, with increased reliability, 
whether there is a risk of the vehicle deviation from 
the nominal running path, on the basis of not only 
the angle of the longitudinal direction of the running 
vehicle with respect to the lane-defining line, but 
also the angular velocity of the turning vehicle. 

(8) A vehicle stability control device according to the 
above mode (6) or (7), wherein the vehicle-devia- 
tion determining device includes an image obtain- 
ing device for obtaining image data representative 
of an image of a scene in front of the vehicle as 
seen in a longitudinal direction of the vehicle, and 
an image-data processing device for processing the 
image data to determine a lane-defining line which 
defines a traffic lane on which the vehicle is run- 
ning. 

The image-data processing device of the vehi- 
cle-deviation determining device in the vehicle sta- 
bility control apparatus according to the above 
mode (8) may be arranged to process the image 
data to determine the lane-defining line, on the 
basis of a difference in brightness or luminance 
between the lane-defining line and the roadway sur- 
face on which the vehicle is running. In this respect, 
it is noted that the lane-defining line is usually a 
white line having a comparatively high degree of 
luminance. 

(9) A vehicle stability control device according to 
any one of the above modes (1)-(8), further com- 
prising running stability control terminating device 
for terminating the operation of the vehicle running 
stability control device when the braking device is 
activated by the automatic brake application device. 

If the automatic brake application to the vehicle 
by the braking device activated by the automatic 
brake application device were effected concurrently 
with the vehicle running stability control by the vehi- 
cle running stability control device, the automatic 
brake application and the vehicle running stability 
control would interfere with each other, causing an 
undesirable result regarding the running condition 
of the vehicle. In the vehicle stability control appara- 
tus according to the above mode (9), the vehicle 
running stability control device is turned off when 
the automatic brake application is initiated by acti- 
vation of the braking device by the automatic brake 
application device, so that the hazardous condition 
of the vehicle such as the vehicle collision with an 
obstacle or the vehicle deviation from the nominal 
running path can be prevented with increased relia- 
bility and stability. 

(10) A vehicle stability control apparatus according 
to any one of the above modes (1)-(9), wherein said 
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automatic brake application device controls said 
braking device to brake all of a plurality of wheels of 
the vehicle such that a total braking force generated 
by the all of said plurality of wheels is equal to a pre- 
determined maxim value. 5 

In the vehicle, stability control apparatus 
according to the above mode (10), the vehicle is 
effectively braked with the maximum braking force, 
to assure improved safety of the vehicle, when the 
hazard detecting device has detected a hazardous 10 
condition of the vehicle such as the vehicle collision 
with an obstacle or the vehicle deviation from the 
nominal running path. 

(11) A vehicle-collision preventing apparatus for 
preventing a collision of an automotive vehicle with 15 
an obstacle, comprising: 

a braking device for applying a brake to the 
vehicle; 

a running-path estimating device for estimating 20 
a running path of the vehicle; 
an obstacle detecting device for detecting an 
obstacle existing in front of the vehicle and in 
the running path of the vehicle estimated by the 
running-path estimating device; 25 
a vehicle speed detecting device for detecting a 
running speed of the vehicle; 
a vehicle-collision determining device for deter- 
mining, on the basis of the running speed of the 
vehicle detected by the vehicle speed detecting 30 
device, whether there is a risk of a collision of 
the vehicle with the obstacle detected by the 
obstacle detecting device on an assumption 
that the vehicle is braked at a predetermined 
reference deceleration value; and 35 
an automatic brake application device operable 
to activate the braking device to brake the vehi- 
cle at a deceleration value whose absolute 
value is larger than that of the reference decel- 
eration value, when the vehicle-collision deter- 40 
mining device has determined that there is the 
risk of the collision of the vehicle with the obsta- 
cle. 



In the vehicle-collision preventing apparatus 
according to the above mode (1 1) of this invention, 
the vehicle is automatically braked upon determina- 
tion that there is a risk of a collision of the vehicle 
with an obstacle, irrespective of whether a vehicle so 
running stability control is effected or not. The refer- 
ence deceleration value may be a fixed value, for 
instance, about 0.5G, or a variable which varies 
depending upon the detected vehicle running 
speed and/or other parameters indicative of the 55 
vehicle running condition. The deceleration value to 
be established by the automatic brake application 
under the control of the automatic brake application 



device may be slightly larger than the reference 
deceleration value, so that the vehicle can be 
braked to prevent the vehicle collision with high sta- 
bility. Alternatively, the deceleration value to be 
established by the automatic brake application may 
be a highest possible value in order to minimize the 
vehicle running distance required to stop the vehi- 
cle. Further, the deceleration value to be estab- 
lished by the automatic brake application may be 
determined depending upon the detected vehicle 
running speed, a distance between the vehicle and 
the obstacle, and other parameters. 
(12) A vehicle-collision preventing apparatus 
according to the above mode (11), wherein the run- 
ning-path estimating device, the vehicle speed 
detecting device and the vehicle-collision determin- 
ing device are kept operated even after an opera- 
tion of the braking device is initiated by the 
automatic brake application device, the vehicle-col- 
lision determining device including deceleration 
increasing means for increasing the absolute value 
of the deceleration value to be established by the 
operation of the braking device under the control of 
the automatic brake application device, as long as 
the vehicle-collision determining device keeps 
determining that there is the of the collision of the 
vehicle with the obstacle. 

In the vehicle-collision preventing apparatus 
according to the above mode (12), the deceleration 
value to be established by the operation of the brak- 
ing device under the control of the automatic brake 
application device is gradually increased from a 
predetermined initial value. The running-path esti- 
mating device and the vehicle-collision determining 
device are adapted to repeatedly estimate the vehi- 
cle running path and determine where there is a 
risk of the vehicle collision, on the basis of the cur- 
rently established deceleration value, each time the 
deceleration value is updated, i.e., increased. As 
long as the vehicle-collision determining device 
continues to determine that there is a risk of the 
vehicle collision, the deceleration value to be estab- 
lished by the automatic brake application is 
increased. If the vehicle-collision determining 
means determines that there is no longer a risk of 
the vehicle collision, the presently established 
deceleration value is maintained. Thus, the present 
arrangement does not cause an unnecessarily high 
rate of increase in the deceleration value of the 
vehicle. The deceleration value to be established by 
the automatic brake application may be determined 
on the basis of the predetermined reference value 
used by the vehicle-collision determining means for 
effecting the initial determination. Alternatively, the 
deceleration value to be established by the auto- 
matic brake application may be determined on the 
basis of the initial value of deceleration initially 
established immediately after the automatic brake 
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application is initiated, or the last determined or 
established value. The deceleration value to be 
established may be incremented by a predeter- 
mined amount, or may be increased by an amount 
depending upon the currently detected vehicle 5 
speed or the currently detected actual deceleration 
value. 

(13) A vehicle-deviation preventing apparatus for 
preventing a deviation of an automotive vehicle 
from a nominal running path of the vehicle, com- 10 
prising: 

a braking device for applying a brake to the 
vehicle; 

a * vehicle-deviation determining device for is 
determining whether there is a risk of a devia- 
tion of the vehicle from a nominal running path; 
and 

an automatic brake application device operable 
to activate the braking device to brake the vehi- 20 
cle when the vehicle-deviation determining 
device has determined that there is the risk of 
the vehicle deviation from the nominal running 
path. 

25 

In the vehicle-deviation preventing apparatus 
according to the above mode (13) of this invention, 
the vehicle is automatically braked by the braking 
device under the control of the automatic brake 30 
application device when a risk of a vehicle deviation 
is detected, irrespective of whether a vehicle run- 
ning stability control is performed or not. 
(14) A vehicle-deviation preventing apparatus 
according to the above mode (13), further compris- 35 
ing an alarm indicator device operable when the 
vehicle -deviation determining means has deter- 
mined that there is the risk of the deviation of the 
vehicle, to warn an operator of the vehicle that there 
is the risk. 

In the vehicle-deviation preventing apparatus 
according to the above mode (14), the vehicle oper- 
ator is warned of a fact that the automatic brake 
application to the vehicle is initiated to avoid the 
vehicle deviation from the nominal running path. 45 
Accordingly, the vehicle operator can be made 
ready for the automatic brake application. The 
alarm indicator device is preferably adapted to pro- 
vide a warning indication before the automatic 
brake application is initiated. However, the warning so 
indication may be provided before or upon the initi- 
ation of the automatic brake application, or after the 
initiation of the automatic brake application, for 
instance, immediately before or at the time when 
deceleration of the vehicle as a result of the auto- ss 
matic brake application is initiated. Where the warn- 
ing indication is provided before the initiation of the 
automatic brake application, this warning indication 



is effective to prevent the vehicle operator from fall- 
ing asleep while driving the vehicle. 
(15) A vehicle-deviation preventing apparatus 
according to the above mode (13) or (14), further 
comprising an operator-controlled member, and an 
automatic-brake-application inhibiting device for 
inhibiting an operation of the automatic brake appli- 
cation device when the operator-controlled member 
is operated. 

The feature of the vehicle-deviation preventing 
apparatus according to the above mode (15) of the 
invention is equally applicable to the apparatus 
according to any one of the above modes (1)-(12). 

If the vehicle is automatically braked under the 
control of the automatic brake application device in 
response to a determination that there is a risk of 
the vehicle deviation from the nominal running path, 
when the vehicle operator is manipulating the steer- 
ing wheel for the purpose of changing the traffic 
lane on the roadway from the present one to the 
adjacent one. In the apparatus according to the 
above mode (15) wherein the automatic-brake- 
application inhibiting device is provided, the auto- 
matic brake application to the vehicle contrary to 
the intention of the vehicle operator can be avoided. 
If the automatic brake application is inhibited after it 
is initiated, it is desirable to cancel an effect of the 
automatic brake application. The operator-control- 
led member whose operation triggers the auto- 
matic-brake-application inhibiting device may be an 
accelerator pedal, a steering wheel or other opera- 
tor-controlled member usually provided on the vehi- 
cle. Where the accelerator pedal is utilized as the 
operator-controlled member to inhibit the automatic 
brake application, the inhibiting device inhibits the 
automatic brake application when the accelerator 
pedal is depressed. A depression of the accelerator 
pedal indicates the vehicle operator's intention to 
accelerate the vehicle, rather than decelerating the 
vehicle. Where the steering wheel is utilized as the 
operator-controlled member to inhibit the automatic 
brake application, the inhibiting device inhibits the 
automatic brake application when the steering 
wheel is rotated in a direction which is opposite to 
the direction in which the vehicle is deviating with 
respect to the nominal running path. Where the 
other operator-controlled members are utilized as 
the operator-controlled member to inhibit the auto- 
matic brake application, the inhibiting device inhib- 
its the automatic brake application when an 
operation of the operator-controlled member satis- 
fies a predetermined condition. The operator-con- 
trolled member may be a member exclusively 
provided for inhibiting the automatic brake applica- 
tion. It is also appreciated that the vehicle-deviation 
determining device may be operated in response to 
a control signal applied to a signaling device pro- 
vided to indicate the direction of turning of the vehi- 
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cle. In this case, for example, the vehicle-deviation 
determining device does not determine that there is 
a risk of the vehicle deviation, if the vehicle devia- 
tion follows the intention of the vehicle operator, 
more specifically, if the direction of deviation 5 
detected by the vehicle-deviation determining 
device is the same as the direction of turning of the 
vehicle represented by the control signal applied to 
the signaling device. 

(16) A vehicle-deviation preventing apparatus 10 
according to the above mode (13), further compris- 
ing: 

an alarm indicator device operable when the 
vehicle-deviation determining device has deter- is 
mined that there is the risk of the deviation of 
the vehicle, to warn an operator of the vehicle 
that there is the risk; 
an operator-controlled member; and 
an automatic-brake-application inhibiting 20 
device for inhibiting an operation of the auto- 
matic brake application device when the opera- 
tor-controlled member is operated, 
and wherein the automatic brake application 
device activates the braking device when a pre- 25 
determined time has passed without an opera- 
tion of the operator-controlled member after the 
alarm indicator device is operated. 



In the vehicle-deviation preventing apparatus 
according to the above mode (1 6) wherein the vehi- 
cle operator is given a warning indication that the 
automatic brake is applied to the vehicle, before the 
automatic brake application is initiated. Accordingly, 35 
the vehicle operator who has been given the warn- 
ing indication may easily inhibit the automatic brake 
application to the vehicle contrary to the vehicle 
operator's intention. The predetermined time 
between the moment of activation of the alarm indi- 40 
cator device and the moment of inhibition of the 
automatic brake application may be a predeter- 
mined fixed time which is considered necessary to 
allow the vehicle operator to decide whether the 
automatic brake application should be effected or 45 
not. The predetermined time may be changed 
depending upon the detected vehicle speed or the 
expected length of time during which the vehicle 
has deviated from the nominal running path. It is 
desirable that the vehicle-deviation determining so 
device be adapted to determine the presence of a 
risk of the vehicle deviation, at a relatively early 
point of time so that the safe running state of the 
vehicle can be secured even after the predeter- 
mined time has passed after the activation of the 55 
alarm indicator device. In addition, it is desirable 
that the automatic brake application can be termi- 
nated when the operator-controlled member is 



operated even after the automatic brake application 
has been initiated. 

(17) A vehicle-deviation preventing apparatus 
according to the above mode (16), wherein the 
vehicle-deviation determining device includes a 
time estimating portion for estimating a length of 
time during which the vehicle has deviated from the 
nominal running path, and a time determining por- 
tion for determining the above-indicated predeter- 
mined time on the basis of the estimated length of 
time. 

In the vehicle-deviation preventing apparatus 
according to the above mode (16), the predeter- 
mined time between the moment of activation of the 
alarm indicator device and the moment of inhibition 
of the automatic brake application is determined on 
the basis of the estimated length of time during 
which the vehicle has deviated from the nominal 
running path. This arrangement permits the auto- 
matic brake application to be initiated before its inhi- 
bition by the automatic-brake-application inhibiting 
device if the estimated length of time is relatively 
short, and permits the automatic-brake-application 
inhibiting device to inhibit the automatic brake appli- 
cation depending upon the operation of the opera- 
tor-controlled member, if the estimated length of 
time is relatively long. 

(18) A vehicle stability control apparatus according 
to any one of the above modes (1)-(10), further 
comprising a vehicle stop indicator device operable 
when the braking device is operated by the auto- 
matic brake application device, for providing an indi- 
cation that the vehicle is being braked. 

(19) A vehicle-collision preventing apparatus 
according to the above mode (11) or (12), further 
comprising a vehicle stop indicator device operable 
when the braking device is operated by the auto- 
matic brake application device, for providing an indi- 
cation that the vehicle is being braked. 

(20) A vehicle-deviation preventing apparatus 
according to any one of the above modes (1 3)-(1 6), 
further comprising a vehicle stop indicator device 
operable when the braking device is operated by 
the automatic brake application device, for provid- 
ing an indication that the vehicle is being braked. 

In the apparatus according to any one of the 
above modes (18)-(20), the vehicle stop indicator 
device provides an indication of the automatic 
brake application to the vehicle, so that the opera- 
tors operating the trailing vehicles following the 
vehicle in question can know that the vehicle in 
question is being braked for an emergency stop. 
Thus, the vehicle stop indicator device assures 
improved safety of running of the trailing vehicles. 
The vehicle stop indicator device may include a 
hazard lamp whose illumination is visible by the 
operators of the trailing vehicles. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0007] The above and other objects, features, 
advantages and technical and industrial significance of 
the present invention will be better understood by read- 5 
ing the following detailed description of presently pre- 
ferred embodiments of the invention, when considered 
in connection with the accompanying drawings, in 
which: 

10 

Fig. 1 is a diagrammatic view of a braking system 
including a vehicle stability control apparatus in the 
form of a running stability control apparatus for an 
automotive vehicle, which is constructed according 
to one embodiment of the present invention; is 
Fig. 2 is a diagrammatic view showing a control sys- 
tem of the vehicle running stability control appara- 
tus of Fig. 1 ; 

Figs. 3A-3C are graphs illustrating examples of 
images obtained by a camera of the vehicle running 20 
stability control apparatus; 

Figs. 4A-4E are graphs illustrating a procedure 
implemented by the vehicle stability control appara- 
tus for detecting lane-defining white lines on a road- 
way; 25 
Rg. 5 is a block diagram illustrating an image data 
processing device incorporated in the vehicle sta- 
bility, control apparatus to detect the lane-defining 
white lines; 

Figs. 6A and 6B are views showing edge extracting 30 
filters used in the image data processing device; 
Rg. 7 is a flow chart illustrating a hazard determin- 
ing portion of a hazard preventing control routine 
executed by the vehicle running stability control 
apparatus; 35 
Fig. 8 is a flow chart illustrating an automatic brake 
application control portion of the hazard preventing 
control routine; 

Fig. 9 is a graph for explaining estimation of a run- 
ning path of the vehicle by the vehicle running sta- 40 
bility control apparatus; 

Fig. 10 is a view indicating an angle between the 
longitudinal direction of the vehicle and a line tan- 
gent to the inner lane-defining white line on the 
roadway; 45 
Fig. 1 1 is a data table used by the apparatus to 
determine whether it is possible to control the vehi- 
cle so as to prevent a deviation of the vehicle from 
the nominal running path or lane; 
Fig. 12 is a flow chart illustrating a vehicle collision so 
preventing control routine executed according to a 
second embodiment of this invention, to effect an 
automatic brake application control for preventing a 
collision of the vehicle with an obstacle; 
Fig. 13 is a flow chart illustrating a vehicle deviation 55 
preventing control routine executed in the second 
embodiment of Rg. 12, to prevent a deviation of the 
vehicle from the nominal running path; 



Fig. 14 is a flow chart illustrating a vehicle-collision 
determining portion of a hazard preventing control 
routine executed in a third embodiment of this 
invention; 

Fig. 15 is a flow chart illustrating a vehicle-collision 
preventing brake application control portion of the 
hazard preventing control routine of Fig. 14; 
Rg. 1 6 is a flow chart illustrating a vehicle-deviation 
determining portion of the hazard preventing con- 
trol routine of Fig. 14; 

Fig. 1 7 is a flow chart illustrating a vehicle-deviation 
preventing brake application control portion of the 
hazard preventing control routine of Fig. 14; and 
Rg. 18 is a block diagram showing a braking sys- 
tem including a vehicle running stability control 
apparatus, which is constructed according to a fur- 
ther embodiment of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Referring first to Rg. 1, there is shown a 
braking system including a vehicle running stability con- 
trol apparatus according to one embodiment of this 
invention. The present braking system is a hydraulically 
operated system. 

[0009] The braking system includes a brake operat- 
ing member in the form of a brake pedal 10, a master 
cylinder 12 having two pressurizing chambers, an elec- 
trically operated pump device 14, and four hydraulically 
operated wheel brakes 16, 17, 18 and 19 provided for 
front left and right wheels FL, FR, and rear left and right 
wheels RL, RR, respectively. The front wheels FL and 
FR are drive wheels for driving the vehicle. To the pump 
device 14, there are connected through a fluid passage 
26 four wheel brake cylinders 20, 21 , 22 and 23 of the 
respective wheel brakes 16-19,. so that a working fluid 
pressurized by the pump device 14 is supplied to the 
wheel brake cylinders 20-23 through the fluid passage 
26, for operating the wheel brakes 16-19. 
[0010] The pump device 14 includes a pump 36, a 
pump motor 28 for operating the pump 36, and ah accu- 
mulator 40 for storing the pressurized fluid delivered 
from the pump 36. The pump device 1 4 further includes 
a pressure 42 for detecting the fluid pressure in the 
accumulator 40, and the pump motor 38 is turned on 
and off according to an output signal of the pressure 
switch 42, so that the fluid pressure in the accumulator 
40 is maintained within a predetermined range. The 
pump device 14 also includes a pressure relief valve 44 
for reducing the fluid pressure in the accumulator 40 
when the fluid pressure rises above the upper limit of 
the predetermined range. A check valve 46 is provided 
between the pump 36 and the accumulator 40, to pre- 
vent a flow of the fluid from the accumulator 40 back to 
the pump 36. 

[0011] The fluid passage 26 is provided with four 
pressure-increasing linear solenoid valves 50, 51, 52 



8 



15 



EP 1 075 992 A2 



16 



and 53, while a fluid passage 55 connecting the wheel 
brake cylinders 20-23 and a master reservoir 54 is pro- 
vided with four pressure-reducing linear solenoid valves 
56, 57, 58 and 59. These four pairs of pressure-increas- 
ing and pressure-reducing linear solenoid valves 50 and 5 
56, 51 and 57, 52 and 58, and 53 and 59 constitute 
respective four linear solenoid valve devices 60, 61, 62 
and 63. Each of the pressure-increasing linear solenoid 
valves 50-53 and the pressure-reducing linear solenoid 
valves 56-59 is a normally closed valve, which is 10 
brought to an open state upon application of an electric 
current to a coil 76. 

[0012] As shown in Fig. 2, the coil 76 of each linear 
solenoid valve 50-53, 56-59 is connected through a lead 
wire 82 and a driver circuit 88 to a power source device 75 
80. The driver circuit 88 includes non-contact switches 
In the form of transistors which are turned on and off to 
apply an electric current to the coil 76 as needed. 
[0013] To the two pressurizing chambers of the 
master cylinder 12, there are connected the respective 20 
wheel brake cylinders 20, 22 through respective fluid 
passages 90, 92. The two fluid passages 90, 92 are pro- 
vided with respective master-cylinder cut-off valves 94, 
95, which are closed and opened by energization and 
de-energization of coils 96, 97. Described in detail, the 25 
cut-off valves 94, 95 are held open while the coils 96, 97 
are in a de-energized state. When the coils 96, 97 are 
energized with an electric current applied thereto, the 
cut-off valves 94, 95 are brought to a closed state. The 
coils 96, 97 are connected to respective driver circuits 30 
98, 99, so that the coils 96, 97 are energized and de- 
energized to selectively place the cut-off valves 94, 95 
in the closed and open states. 

[0014] The two wheel brake cylinders 20, 21 for the 
front left and right wheels FL, FR are connected to each 35 
other through a communication passage 102, while the 
two wheel brake cylinders 22, 23 for the rear left and 
right wheels RL, RR are connected to each other 
through a communication passage 103. These two 
communication passages 102, 103 are provided with a 40 
front-brake communication valve 104 and a rear-brake 
communication valve 105, respectively. These valves 
1 04, 1 05 are held open while coils 1 06, 1 07 are in a de- 
energized state, and are brought to a closed sate when 
the coils 1 06, 1 07 are energized. The coils 1 06, 1 07 are 45 
connected to respective driver circuits 108, 109, so that 
the coils 106, 107 are energized and de-energized to 
selectively place the valves 104, 105 in the closed and 
open states. 

[0015] As described above, the two pressurizing so 
chambers of the master cylinder 12 are connected 
through the respective master-cylinder cut-off valves 
94, 95 to the respective front and rear left wheel brake 
cylinders 20, 22. While the front-brake and rear-brake 
communication valves 104, 105 as well as the cut-off 55 
valves 94,95 are open, the two front wheel brake cylin- 
ders 20, 21 connected to each other by the communica- 
tion passage 102 are communicated with one of the two 



pressurizing chambers, while the two rear wheel brake 
cylinders 22, 23 connected to each other by the commu- 
nication passage 102 are communicated with the other 
pressurizing chamber, whereby the four wheel brake 
cylinders 20-23 can be activated with the pressurized 
fluid delivered from the master cylinder 12, so that all of 
the wheel brakes 16-19 can be operated. 
[0016] The fluid passage 92 for connecting the 
master cylinder 1 2 to the rear wheel brake cylinders 22, 
23 is connected to a stroke simulator device 1 30, which 
includes a stroke simulator 132 and a stroke simulator 
shut-off valve 134. By energizing and de-energizing a 
coil 135 of the shut-off valve 134, the stroke simulator 
1 32 is selectively placed in an open state in which the 
simulator 132 communicates with the master cylinder 
12, and a closed state in which the simulator 132 is dis- 
connected from the master cylinder 12. In the present 
embodiment, the coil 135 of the stroke simulator shut- 
off valve 134 is held in its de-energized state to hold the 
stroke simulator 132 in communication with the master 
cylinder 12, while the wheel brake cylinders 16-19 are 
operated with the pressurized fluid delivered from the 
pump device 1 4. While the wheel brake cylinders 1 6-1 9 
are operated with the pressurized fluid delivered from 
the master cylinder 12, the coil 135 is held in its ener- 
gized state to hold the stroke simulator 132 discon- 
nected from the master cylinder 12. The coil 135 is 
connected to a driver circuit 136, so that the coil 135 is 
energized and de-energized to selectively place the 
stroke simulator shut-off valve in the open and closed 
states. 

[0017] There will next be described a control sys- 
tem for the present braking system. In the present 
embodiment, the linear valve devices 60-63 are control- 
led by an electronic brake control device 150, which is 
principally constituted by a computer. As shown in Fig. 
2, the electronic brake control device 150 are adapted to 
receive output signals of the pressure switch 42, an 
accumulator pressure sensor 158, a brake-pedal stroke 
sensor 160, two master-cylinder pressure sensors 164, 
166, and four wheel-brake pressure sensors 170, 172, 
174 and 176. The accumulator pressure sensor 158 is 
provided to detect the fluid pressure in the fluid passage 
26 between the accumulator 40 and the linear valve 
devices 60-63. The brake-pedal stroke sensor 160 is 
provided to detect an operating amount of the brake 
pedal 10. The master-cylinder pressure sensors 164, 
1 66 are provided to detect the fluid pressures in the 
respective two pressurizing chambers of the master cyl- 
inder 12. The wheel-brake pressure sensors 170-176 
are provided to detect the fluid pressures in the respec- 
tive four wheel brake cylinders 20-23. To the brake con- 
trol device 150, there are also connected: the driver 
circuit 88 for energizing and de-energizing the coils 76 
of the pressure-increasing linear solenoid valves 50-53 
and the pressure -reducing linear solenoid valves 56-59; 
the driver circuits 98, 99 for energizing and de-energiz- 
ing the coils 96, 97 of the master-cylinder cut-off valves 



9 



17 



EP 1 075 992 A2 



18 



94, 95; the driver circuits 108, 109 for energizing and 
de-energizing the coils 106, 107 of the front-brake and 
rear-brake communication valves 104, 105; and the 
driver circuit 136 for. energizing and de-energizing the 
coil 1335 of the stroke simulator shut-off valve 134. A 
hydraulic pressure control unit 180 (Fig. 1) is constituted 
by the pressure switch 42, the pressure sensors 158, 
164, 166, 170-176, the brake-pedal stroke sensor 160, 
the linear solenoid valves 50-53, 56-59, the cut-off 
valves 94, 95, the communication valves 104, 105 and 
the shut-off valve 134. Signal lines L connected to the 
hydraulic pressure control unit 1 80 are connected to the 
brake control device 150 through a connector 182. 
[0018] To the brake control device 150, there are 
further connected through a connector 187 an emer- 
gency stop indicator in the form of a hazard lamp 184, 
and an alarm indicator 186 adapted to provide an alarm 
to the vehicle operator. A signal line U for applying a 
control signal to a driver circuit 188 is connected to the 
brake control device 150 through a connector 190. 
[0019] To the input of the brake control unit 150, 
there are further connected a steering angle sensor 
216, a yaw rate sensor 218, a lateral acceleration sen- 
sor 220, a vehicle speed sensor 222, a manually oper- 
ated alarm releasing member 223, and two cameras 
224. The steering angle sensor 216 is provided to 
detect an angular position of a steering wheel of the 
vehicle which is rotatable by the vehicle operator. The 
wheel speed sensor 222 is provided to detect a running 
speed of the vehicle. The yaw rate sensor 218 is pro- 
vided to detect an actual yaw rate of the vehicle, and the 
lateral acceleration sensor 220 is provided to an actual 
acceleration G of the vehicle in the lateral or transverse 
direction of the vehicle (perpendicular to the longitudinal 
or running direction of the vehicle). The function of the 
alarm releasing member 223 will be described later. 
The two cameras 224 are disposed at a front part of the 
vehicle body, at a height of 125mm from the ground 
level, and at a depression angle of 6° with respect to the 
horizontal plane. For instance, the cameras 224 are dis- 
posed at the position of a room mirror provided within 
the vehicle-operator's compartment of the vehicle. The 
cameras 224 are adapted to continuously obtain image 
data representative of scenes in front of the vehicle as 
viewed in the vehicle running direction. The obtained 
image data are processed by an image data processing 
device 226, output signals of which are supplied to the 
brake control device 150. 

[0020] The computer of the brake control device 
150 includes a read-only memory (ROM) which stores 
various control programs such as vehicle turning stabil- 
ity control programs (VSC programs) for executing a 
spinning preventive control and a drift-out preventive 
control, on the basis of a vehicle running condition esti- 
mated on the basis of the output signals of the steering 
angle sensor 216, yaw rate sensor 218, lateral acceler- 
ation sensor 220, vehicle speed sensor 222 and cam- 
eras 224. The spinning preventive control and the drift- 



out preventive control are implemented while the vehicle 
is turning along a curve. Described more specification, 
the spinning preventive control is formulated to apply a 
controlled fluid pressure to the wheel brake cylinder 20, 

5 21 for the front drive wheel FL, FR which is on the outer 
side of the curve (curved running path), so as to prevent 
or reduce a spinning tendency of the vehicle. On the 
other hand, the drift-out preventive control is formulated 
to apply a controlled fluid pressure to the wheel brake 

70 cylinders 20, 21 for the two front drive wheels FL, FR 
and to the wheel brake cylinder 22, 23 for the rear non- 
drive wheel RL, RR which is on the inner side of the 
curve. 

[0021] The ROM of the computer further stores a 

15 control program for executing a hazard preventing con- 
trol routine which is formulated to activate the alarm 
indicator 186 or control the fluid pressures in the wheel 
brake cylinders 20-23 in a manner different from that in 
the vehicle turning stability controls (VSC controls) such 

20 as the spinning and drift-out preventive controls, when 
the computer determines that it is impossible to prevent 
a hazardous running or turning state of the vehicle. 
[0022] The image data processing device 226 
includes an obstacle detecting portion for detecting an 

25 obstacle in front of the vehicle, and a lane detecting por- 
tion for detecting a traffic lane on which the vehicle is 
running. On the basis of original image data obtained by 
the cameras 224, the obstacle detecting portion detects 
the obstacle lying in front of the vehicle, and the lane 

30 detecting portion detects the lane of the vehicle by 
detecting lane-defining white lines which define the lane 
on which the vehicle is running. 

[0023] One form of the obstacle detecting portion of 
the image data processing device 226 will be explained. 

35 This obstacle detecting portion detects an obstacle on 
the basis of image data obtained by the cameras 224, 
As shown in Figs. 3A, 3B and 3C, image data sets are 
obtained by the cameras 224 at a predetermined time 
interval. In Fig. 3B, an image represented by the image 

40 data set obtained in the present control cycle is indi- 
cated by a solid line. To detect an obstacle, the currently 
obtained image data set is compared with an image 
data set obtained in the last control cycle, which is indi- 
cated by a broken line in Fig. 3A. For each obtained 

45 data set, a body or object existing on the roadway sur- 
face is detected based on a difference in brightness or 
luminance between the object and the roadway surface. 
Described more particularly, an image consists of a 
multiplicity of picture elements. Of all the picture ele- 

50 ments, those picture elements whose brightness is dif- 
ferent from that of the roadway surface are extracted. 
Then, a boundary line between the roadway surface 
and each region defined by the extracted picture ele- 
ments is determined. Each boundary line thus deter- 

55 mined is considered to represent a profile, outline or 
contour of a certain object. However, objects whose 
profiles have surface areas smaller than a predeter- 
mined lower limit are ignored. Then, the image data set 
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obtained in the last control cycle and the image data set 
obtained in the present control cycle are compared with 
each other to determine whether an object represented 
by the last image data set overlaps an object repre- 
sented by the present image data set. If these two 5 
objects have an overlapping portion with an overlapping 
ratio larger than a predetermined threshold, these two 
objects are considered to be the same body. In the 
examples of Figs. 3B and 3C showing considerably high 
ratios of overlapping of the two or three objects repre- w 
sented by the image data sets, these objects are con- 
sidered to be the same body. The direction and speed of 
a relative movement of the vehicle and the detected 
body are calculated on the basis of changes in the posi- 
tions and surface areas of the overlapping objects rep- 75 
resented by the obtained image data sets, and on the 
basis of the detected running direction and speed of the 
vehicle. The body which approaches the vehicle at a 
speed higher than a predetermined upper limit is con- 
sidered to be an obstacle. The output of the obstacle 20 
detecting portion of the image data processing device 
226 is fed to the brake control device 1 50. 
[0024] Alternatively, the obstacle detecting portion 
may be arranged as described above. Namely, this 
obstacle detecting portion includes a random-access 25 
memory (RAM) for temporarily storing data, a read-only 
memory (ROM) storing an intermediate data processing 
program and an obstacle detecting program, and a cen- 
tral processing unit (CPU) adapted to execute an inter- 
mediate data processing and an obstacle detecting 
algorithm. The RAM is used to temporarily store seg- 
ment data indicative of a plurality of segments of an 
image in a monitoring area represented by a selected 
portion of the image data set obtained by the cameras 
224. The RAM is also used to store selected-segment 
data indicative of those segments which are selected 
from the above-indicated plurality of segments by an 
intermediate data processing operation. 
[0025] This alternative obstacle detecting portion is 
arranged to minimize the number of the picture ele- 
ments of the image data, in order to minimize the 
amount of image data to be handled, and is further 
arranged to minimize the number of gradation steps 
represented by the image data, in order to simplify the 
image. It is desired to determine the number of the gra- 
dation steps available such that each object is repre- 
sented with the same gradation (in a certain gradation 
step), and such that another object surrounding the 
above-indicated object is represented with a different 
gradation (in another gradation step). For example, it is 
preferred to represent images in eight gradation steps. 
[0026] Another feature of the present obstacle 
detecting portion is the use of a selected portion of the 
image data obtained by the cameras 224, which portion 
represents the monitoring area in which there exists a 
body (i.e., obstacle) which has a risk of a collision with 
the vehicle. The above-indicated selected portion of the 
image data is used as the segment data indicative of the 



segments of the monitoring area. Further, the segment 
data are subjected to the intermediate data processing, 
for each segment of the monitoring area, to compare 
the image in each segment obtained in the present con- 
trol cycle with that obtained in the last control cycle, for 
selecting the selected-segment data indicative of the 
presently obtained segments which considerably 
changed from the previously obtained segments. The 
thus obtained selected-segment data whose volume is 
considerably small are subjected to a further analysis in 
an efficient manner. Accordingly, the present obstacle 
detecting portion requires a smaller amount of image 
data to be handled, than the obstacle detecting portion 
described above. 

[0027] The present obstacle detecting portion will 
be more specifically described. First, the obstacle 
detecting portion selects a portion of the obtained 
image data, which portion represents the monitoring 
area, and divides the monitoring portion into a plurality 
of segments of the same size. The image data repre- 
sentative of each segment are stored in the RAM. Sub- 
sequently, the control flow goes to the intermediate data 
processing in which a sum of the gradation values of the 
picture elements in each segment is calculated for the 
two monitoring areas selected in the present and last 
control cycles, and the sums of the gradation values in 
the corresponding segments of the two monitoring 
areas are compared with each other. Since a most of 
the monitoring area is occupied by the roadway surface, 
30 the gradation sums of the picture elements in the corre- 
sponding segments of the presently selected monitor- 
ing area remains almost unchanged with respect to 
those of the last selected monitoring area, even if the 
roadway surface is moved relative to the monitoring 
35 area. In the case where the sum of the gradation values 
of a given segment (presently obtained segment) in the 
presently selected monitoring area considerably 
change with respect to that of the corresponding seg- 
ment (last obtained corresponding segment) in the last 
40 selected monitoring area, it is considered that an object 
which has not existed in the last obtained corresponding 
segment, or a portion of the presently detected object 
which has not existed in the last obtained segment has 
appeared for the first time in the presently obtained seg- 
45 ment, or the object which has existed in the last 
obtained segment has disappeared from the presently 
obtained corresponding segment. In view of this, the 
presently obtained segment whose amount of change 
or difference of the gradation sum from that of the last 
50 obtained segment is smaller than a predetermined 
value, that segment in the presently obtained monitor- 
ing area is not selected in the present control cycle. If 
the amount of change or difference of the gradation sum 
of the presently obtained segment from that of the last 
55 obtained corresponding segment is larger than the pre- 
determined value, that presently obtained segment is 
stored in the RAM as selected-segment data, and is 
subjected to a further processing operation which will 
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be described. The predetermined value of the amount 
of change of the gradation sum may be a predetermined 
threshold, value of the amount of change of the grada- 
tion sum, or may be represented by a predetermined 
threshold ratio of the amount of change of the gradation 5 
sum of the presently obtained segment to the gradation 
sum of the last obtained segment 
[0028] A difference of the gradation value of each 
picture elements in the thus selected segment repre- 
sented by the stored selected-segment data from that of 10 
each picture element in the last obtained corresponding 
segment is calculated. Since successive image data 
sets are obtained at a relatively short time interval, the 
above-indicated difference of the presently and last 
obtained segments is not so large. Accordingly, the is 
amount of change of the gradation value between the 
segments of the successively obtained image data sets 
is almost zero for most of the picture elements. How- 
ever, the amounts of change of the gradation values of 
the picture elements defining the boundary between an 20 
object and the background (roadway surface) and the 
amount of change of the gradation values of the picture 
elements adjacent to those picture elements are distinc- 
tively large due to a movement of the object relative to 
the vehicle. Thus, the picture elements whose gradation 25 
values have considerably changed can be considered 
to define an object whose boundary with respect to the 
background has moved. Based on the calculated values 
of difference of the corresponding picture elements in 
the last and presently obtained image data sets, the 30 
profile or outer contour of the object existing on the 
roadway surface is determined. Described in detail, all 
of the selected segments represented by the stored 
selected-segment data are replaced in the original posi- 
tions in the monitoring area, and are analyzed to deter- 35 
mine whether the picture elements of those selected 
segments whose gradation values are largerthan a pre- 
determined lower limit cooperate to define an enclosed 
region, and whether those picture elements cooperate 
with a lane-defining line on the roadway surface to 40 
define an enclosed region. If any enclosed region is 
defined totally or partially by the picture elements, that 
enclosed region is recognized as an object existing on 
the roadway surface. If the ratio of overlapping of the 
objects represented by the last and presently obtained 45 
image data sets is higher than a predetermined thresh- 
old, or the profiles of these two objects are similar to 
each other, these two objects are considered to be the 
same body. Then, the surface areas of the two objects 
are compared with each other to determine whether the so 
body in question is an obstacle to the vehicle. Namely, if 
the vehicle approaches a body on the road surface 
within a relatively short distance from the vehicle, the 
surface area of the body represented by the presently 
obtained image data set increases by a relatively large 55 
amount with respect to that of the body represented by 
the last obtained image data set. Based on this fact, the 
body in question is recognized as an obstacle, if the 



ratio of the surface area of the body represented by the 
presently obtained image data set to that of the body 
represented by the last obtained image data set is 
larger than a predetermined threshold. Even if the body 
represented by the presently obtained image data set is 
relatively large, the ratio of increase of the surface area 
of the body is relatively large when the distance 
between the vehicle and the body is relatively long. In 
this case, the body is not recognized as an obstacle to 
the vehicle. Even if the body is not so large, on the other 
hand, the ratio of increase of the surface area of the 
body is relatively large when the distance is relatively 
short. In this case, the body is recognized or detected 
as an obstacle to the vehicle, unless the body is negligi- 
bly small. Information as to whether an obstacle is 
detected or not is supplied to the brake control device 
150. 

[0029] The obstacle detecting portion of the image 
data processing device 226 may use a radar to detect a 
distance between the obstacle and the vehicle and a 
relative speed or acceleration of the obstacle and the 
vehicle, when the obstacle is detected by the cameras 
224, as existing on the roadway lane on which the vehi- 
cle is running, and in the running path along which the 
vehicle is expected to run. It is also noted that a radar 
can be used to determine whether an obstacle exists in 
the running path along which the vehicle is expected to 
run. 

[0030] There will next be described the lane detect- 
ing portion of the image data processing device 226. 
The traffic lane on which the vehicle is running is 
detected also on the basis of image data obtained by 
the cameras 224. The lane on the roadway is detected 
by processing original image data obtained by the cam- 
eras 224, as indicated in Figs. 4A-4E. This detection 
relies on a fact that the luminance of white lines on the 
roadway surface which define a traffic lane is sufficiently 
higher than that of the other area of the scene taken by 
the cameras 224. That is, the picture elements whose 
luminance is higher than a predetermined threshold are 
selected. The selected picture elements can be consid- 
ered to define the white lines on the roadway surface 
under certain conditions. 

[0031] The lane detecting portion may use a road- 
way white line sensor as disclosed in Matsushita Tech- 
nical Journal, Vol. 44, No. 33, po.75-79. This roadway 
white line sensor uses a hardware arrangement as 
shown in Fig. 5, for processing image data obtained by 
the cameras 224, to detect the white lines on the road- 
way surface. The hardware arrangement includes a first 
memory 252, a second memory 254, a field program- 
mable gate array (FPGA) 256 adapted to execute a 
white line detecting algorithm, a digital signal processor 
(DSP) 258, and a display 260 adapted to display an 
image represented by image data obtained by the cam- 
eras 224, and results of image data processing by the 
FPGA 256 and DSP 258. The first memory 252 stores 
image data having a relatively low spatial frequency, 
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while the second memory 254 stores image data having 
a relatively high spatial frequency. The image data 
processing is effected in the following manner. The orig- 
inal non-processed image data as obtained by the cam- 
eras 224, which are indicated in Fig. 4A, are fed to the 5 
FPGA 256 for classification into the image data having 
a relatively low spatial frequency to be stored in the first 
memory 252, and the image data having a relatively 
high spatial frequency to be stored in the second mem- 
ory 254. A lane area is defined as indicated in Fig. 4B, 70 
on the basis of the Image data having a relatively low 
spatial frequency, while only the edges of the white lines 
(white strips) on the roadway surface are defined as 
indicated in Fig. 4C, using edge extracting filters as 
shown in Fig. 6A and 6B, and on the basis of the image 15 
data having a relatively high spatial frequency. The two 
edge filters shown in Figs. 6A and 6B are used for 
processing the respective image data portions corre- 
sponding to the right and left parts of the scene repre- 
sented by the entire image data. On the basis of the 20 
thus obtained lane area and edges of the white lines, 
the white lines on the roadway surface are detected as 
indicated in Figs. 4D and 4E. By using both the image 
data having a relatively low spatial frequency and the 
image data having a relatively high spatial frequency, 25 
the lane on which the vehicle is running can be detected 
with high accuracy, even if the white lines are partially 
obscured or discontinuous with separations. 
[0032] There will be described an operation of the 
braking system constructed as described above. 30 
[0033] First, the vehicle running stability control 
(abbreviated as "VSC control") will be explained. The 
ROM of the computer of the brake control device 150 
stores vehicle turning stability control programs such as 
a spinning preventive control program and a drift-out 35 
preventive control program, as disclosed in JP-A-9- 
221015. Described briefly, the spinning preventive con- 
trol is effected according to the spinning preventive con- 
trol program, when the vehicle is considered to have an 
excessively spinning tendency during turning along a 40 
curve. The spinning tendency is caused by a so-calied 
"oversteering" of the vehicle. When the vehicle is con- 
sidered to have an excessive drift-out tendency, the 
drift-out preventive control is effected according to the 
drift-out preventive control program. The excessive drift- 45 
out tendency is caused by a so-called "understeering'' 
of the vehicle. 

[0034] When it is determined that the vehicle has an 
excessively spinning tendency during turning of the 
vehicle, the spinning preventive control is effected to so 
increase the fluid pressure in the wheel brake cylinder 
20 or 21 of one of the front drive wheels FL, FR which is 
located on the outer side of the curved turning path of 
the vehicle. To this end, the master-cylinder cut-off 
valves 94, 95,are closed, and the pressurized fluid deliv- 55 
ered from the pump device 14 is supplied to the wheel 
brake cylinder 20 or 21 of the above-indicated one of the 
front drive wheels. 



[0035] Where the front right wheel FR is on the 
outer side of the turning path of the vehicle, the front 
right wheel brake cylinder 21 is activated to brake the 
front right wheel FR, for thereby restricting or reducing 
the spinning tendency of the vehicle. At this time, the 
fluid pressures in the rear wheel brake cylinders 22, 23 
are not controlled. 

[0036] When it is determined that the vehicle has an 
excessive drift-out tendency, the drift-out preventive 
control is effected to increase the fluid pressures in the 
wheel brake cylinders 20, 21 of the front drive wheels 
FL, FR and the fluid pressure in the wheel brake cylin- 
der 22 or 23 of one of the rear driven wheels RL, RR 
which is located on the inner side of the curved turning 
path of the vehicle. In this case, too, the master-cylinder 
cut-off valves 94, 95 are closed, and the pressurized 
fluid delivered from the pump device 1 4 are supplied to 
the front wheel brake cylinders 20, 21 and the rear 
wheel brake cylinder 22 or 23 of the above-indicated 
one of the rear wheels RL, RR. 

[0037] The ROM of the brake control device 150 
further stores a hazard preventing control program for 
executing a hazard preventing control routine illustrated 
in the flow chart of Figs. 7 and 8. This hazard preventing 
control routine is repeatedly executed during running of 
the vehicle, to monitor the vehicle running condition 
while the vehicle turning stability control is effected. This 
monitoring is initiated upon initiation of the spinning pre- 
ventive control or the drift-out preventive control. 
Described more specifically, the running path, more pre- 
cisely, the turning path of the vehicle is estimated on the 
basis of the output signals of the steering angle sensor 
216, yaw rate sensor 218, lateral acceleration sensor 
220 and vehicle speed sensor 222. The hazard prevent- 
ing control routine is further formulated to determine 
whether the currently effected vehicle turning stability 
control (spinning or drift-out preventive control) permits 
the vehicle to be adequately controlled so as to prevent 
a hazardous condition of the vehicle, namely, a possible 
deviation of the vehicle from the nominal turning path or 
from the present lane on the roadway, or a possible col- 
lision of the vehicle with an obstacle. If it is determined 
that the vehicle can be controlled to prevent the hazard- 
ous running condition by the vehicle turning stability 
control, this control is continued. If it is determined that 
the vehicle turning stability control does not permit the 
vehicle to be controlled so as to prevent the hazardous 
condition, the vehicle is automatically braked to secure 
a safe state of the vehicle. 

[0038] The hazard preventing control routine will be 
described by reference to the flow charts of Figs. 7 and 
8. The hazard preventing control routine is initiated with 
step S1 to determine whether a HAZARD flag F1 is set 
at "0\ When this flag F1 is set at "1", it means that a 
decision that it is impossible to prevent a hazardous 
condition of the vehicle has been made. When the flag 
F1 is set at "0", it means that the decision has not been 
made. The HAZARD flag F1 is reset to "0" when the 



13 



25 



EP 1 075 992 A2 



26 



brake control device 150 is turned on. If the flag F1 is 
set at T, a negative decision (NO) is obtained in step 
S1 (Fig. 7), and the control flow goes to step S8 (Fig. 8). 
Steps S1-S7 of the flow chart of Fig. 7 corresponds to a 
hazard determining portion of the brake control device 5 
150, while steps S8-S21 corresponds to an automatic 
brake application control portion of the brake control 
device 150. 

[0039] If the flag F1 is set at "0", an affirmative deci- 
sion (YES) is obtained in step S1, and the control flow 10 
goes to step S2 to determine whether the vehicle turn- 
ing stability control is presently effected according to the 
spinning preventive control program or the drift-out pre- 
ventive control program. If a negative decision (NO) is 
obtained in step S2 f one cycle of execution of the 75 
present hazard preventing control routine of Figs. 7 and 
8 is terminated. If an affirmative decision (YES) is 
obtained in step S2, that is, if the vehicle turning stability 
control is being effected, the control flow goes to step 

53 to estimate the turning path of the vehicle, as indi- 20 
cated by broken lines in Fig. 9. Step S3 is followed by 
step S4 to determine whether the vehicle turning stabil- 
ity control permits the vehicle to be controlled so as to 
prevent a collision of the vehicle with an obstacle. This 
determination is made based on the estimated turning 25 
path of the vehicle and the output signals of the image 
data processing device 226 which has been described 
above in detail. For instance, the determination in step 

54 is effected by determining whether an obstacle 
exists on the estimated turning path of the vehicle and 30 
within a predetermined distance from the vehicle, which 
distance is determined by the detected vehicle running 
speed. 

[0040] If an affirmative decision (YES) is obtained in 
step S4, the control flow goes to step S5 to determine 35 
whether the vehicle turning stability control permits the 
vehicle to be controlled so as to prevent a deviation of 
the vehicle from the nominal turning path. This determi- 
nation is made on the basis of an angle 0 and an angu- 
lar velocity p\ As indicated in the graph of Fig. 10, the 40 
angle 0 is an angle between the longitudinal direction of 
the vehicle and a straight line tangent to one of the two 
fane-defining white lines detected by processing of the 
image data by the image data processing device 226. If 
at least one of the angle 0 and the angular velocity 0* is 45 
larger than a predetermined threshold, it is determined 
that the vehicle turning stability control does not permit 
the vehicle to be controlled so as to prevent the vehicle 
deviation from the nominal turning path. To effect this 
determination, a first threshold 01 and a second 02 are so 
used for the angle 0, and a first threshold 0'1 and a sec- 
ond threshold 0'2 are used for the angular velocity 0'. 
One example of the manner in which the determination 
is effected is illustrated in the table of Fig. 1 1 , wherein 
"X" represents a negative decision (NO) in step S5 that 55 
it Is not possible to prevent the vehicle deviation, while 
"O" represents an affirmative decision (YES) in step 

55 that it is possible to prevent the vehicle deviation. . 



Namely, the negative decision (NO) is obtained in step 
S5 if. the angle 0 and the angular velocity 0' are both 
larger than the respective first thresholds 01 and 0'1 , or 
if one of the angle 0 and the angular velocity 0' is larger 
than the first threshold 01 or 0'1 while the other of the 
angle 0 and the angular velocity 0' is larger than the sec- 
ond threshold 02 or 0'2. 

[0041] If the presently effected vehicle turning sta- 
bility control permits the vehicle to be controlled so as to 
prevent a collision of the vehicle with an obstacle and a 
deviation of the vehicle from the nominal turning path, 
that is, if an affirmative decision (YES) is obtained in 
steps S4 and S5, one cycle of execution of the hazard 
preventing control routine is terminated. If it is impossi- 
ble to prevent a collision of the vehicle with an obstacle 
and/or a deviation of the vehicle from the nominal turn- 
ing path, that is, if a negative decision (NO) is obtained 
in at least one of steps S4 and S5, the control flow goes 
to step S6 to activate the alarm indicator 1 86 to provide 
an alarm that the vehicle turning stability control does 
not permit the vehicle to be controlled in an adequate 
manner. The alarm indicator 186 may be adapted to 
provide an audible alarm such as a sound or voice mes- 
sage, an optical alarm such as illumination of a light, or 
a vibrational alarm such as vibration of a suitable mem- 
ber such as the steering wheel which is normally held in 
contact with the vehicle operator's hand or hands or 
other parts of the body. The alarm indicator 1 86 may 
provide a combination of two or more different kinds of 
alarm. Step S6 is followed by step S7 in which the HAZ- 
ARD flag F1 is set to "1°. The operation of the hazard 
determining portion of the brake control device 150 is 
terminated with step S7. Then, the control flow goes to 
step S8 of the flow chart of Fig. 8, which is the first step 
executed by the automatic brake application control por- 
tion of the brake control device 1 50. 
[0042] Step S8 is provided to determine whether 
the alarm releasing member 223 has been operated by 
the vehicle operator who does not want brake applica- 
tion to the vehicle under the automatic brake application 
control which has initiated in response to detection of a 
possible hazardous running condition of the vehicle in 
steps S4-S6. The alarm releasing member 223 (Fig. 2 
may be an operator-controlled member exclusively pro- 
vided for de-energizing the alarm indicator 186, or an 
accelerator pedal an operation of which indicates that 
the vehicle operator does not wish to apply a brake to 
the vehicle under the automatic brake application con- 
trol by the automatic brake application control portion 
corresponding to the following steps S9-S20 which will 
be described. 

[0043] If the vehicle operator has operated the 
alarm releasing member 223 (the accelerator pedal), an 
affirmative decision (YES) is obtained in step S8, and 
the control flow goes to step S21 to turn off the alarm 
indicator 186 and reset the flag F1 and a flag F2 to ter- 
minate the automatic brake application control. Then, 
the control flow goes back to step S1 to initiate the next 
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cycle of execution of the hazard preventing control rou- 
tine. If the alarm releasing member 223 has not been 
operated, a negative decision (NO) is obtained in step 
S8, and the control flow goes to step S9 to determine 
whether a time t which has passed after the activation of 5 
the alarm indicator 1 86 is equal to or longer than a pre- 
determined time T. If a negative decision (NO) is 
obtained in step S9, the control flow goes back to step 
S1, that is, the control flow does not go to step S10 and 
the subsequent steps t initiate the automatic brake w 
application control. In this respect, it is noted that the 
vehicle operator may elect to manipulate the vehicle 
after the alarm indicator 186 is activated. Usually, a cer- 
tain length of time is required after the alarm indicator 
1 86 is activated and before the vehicle operator initiates 15 
a manipulation of the vehicle in an effort to prevent a 
hazardous running condition of the vehicle which has 
been recognized by the vehicle operator upon activation 
of the alarm indicator 1 86. If the automatic brake appli- 
cation control were initiated immediately after the acti- 20 
vation of the alarm indicator 186, the automatic brake 
application would be initiated contrary to the vehicle 
operator's intention to manipulate the vehicle or pur- 
posely change the traffic lane from the present lane to 
the adjacent lane. Therefore, it is not desirable to initiate 2 s 
the automatic brake application control immediately 
after the activation of the alarm indicator 1 86 (immedi- 
ately after the detection of a possible hazardous condi- 
tion of the vehicle). To prevent the initiation of the 
automatic brake application control for a predetermined 30 
time after the activation of the alarm indicator 1 86, step 
S9 is provided to permit the vehicle operator to have a 
time for determining as to whether the vehicle should be 
manipulated by the vehicle operator, rather than the 
automatic brake application control is implemented. 35 
[0044] Before the predetermined time T has passed 
after the moment of activation of the alarm indicator 
186, that is, if a negative decision (NO) is obtained in 
step S9, the control flow goes back to step S1 to initiate 
the next cycle of execution of the hazard preventing 40 
control routine. In this cycle wherein the HAZARD flag 
F1 has been set to "1", the negative decision (NO) is 
obtained in step S1, and the control flow goes to steps 
S8 and S9 while skipping steps S2-S7. If the alarm 
releasing member 223 is operated while steps S8 and 45 
SB are repeatedly implemented, the control flow goes to 
step S21 to turn off the alarm indicator 1 86. 
[0045] If the alarm releasing member 223 is not 
operated until the predetermined time T has passed 
after the activation of the alarm indicator 1 86, an affirm- so 
ative decision (YES) is obtained in step S9, and the con- 
trol flow goes to step S10 to determine whether a 
BRAKE APPLICATION START flag F2 is set at "0 W . 
When this flag F2 is set at "0", it means that the auto- 
matic brake application has not been initiated. When the 55 
flag F2 is set at "1", it means that the automatic brake 
application has already been initiated. If the automatic 
brake application has been initiated, that is, if a negative 



decision (NO) is obtained in step S10, the control flow 
goes to step S14 while skipping steps S1 1-S13. In step 
S14, the hazard lamp 184 is kept on to inform the oper- 
ators of vehicles following the vehicle in question, that 
the vehicle in question will be stopped by brake applica- 
tion. Further, the automatic brake application is contin- 
ued in step S14. If the flag F2 is set at "O", an affirmative 
decision (YES) is obtained in step S10, and the control 
flow goes to step S11 to set a desired deceleration 
value G of the vehicle to be equal to an initial decelera- 
tion value G 0 . Then, step S12 is implemented to set the 
flag F2 to "1". Step S12 is followed by step S1 3 to termi- 
nate the vehicle turning stability control. Step S13 is fol- 
lowed by step S1 4 to apply a brake to the vehicle so that 
the actual deceleration value of the vehicle is made 
equal to the determined desired value G. 
[0046] Described more specifically, the automatic 
brake application in step S14 is effected such that the 
fluid pressures in the wheel brake cylinders 20-23 for all 
of the four wheels FL, FR, RL, RR are increased to a 
level not lower than a level corresponding to the desired 
vehicle deceleration value G, while the master-cylinder 
cut-off valves 94, 95 are held closed. Since the vehicle 
turning stability control (spinning or drift-out preventive 
control) has been implemented before the initiation of 
the automatic brake application, the fluid pressure in at 
least one of the wheel brake cylinders 20-23 is higher 
than the atmospheric pressure, and may be larger than 
the level corresponding to the desired vehicle decelera- 
tion value G. The wheel brake cylinder pressure higher 
than the level corresponding to the desired vehicle 
deceleration value G is maintained at the present level, 
during the automatic brake application. In other words, 
the fluid pressures in the selected one of the four wheel 
brake cylinders 20-23 which pressure are lower than the 
level corresponding to the desired vehicle deceleration 
value G are increased to that level in step S14. 
[0047] Step S1 4 is followed by step S1 5 to estimate 
the vehicle running path when the vehicle is decelerated 
at the desired deceleration value G. Step S15 is fol- 
lowed by steps S16 and 17 to determine whether it is 
possible to prevent a collision of the vehicle with an 
obstacle and a deviation of the vehicle from the nominal 
running path. If an affirmative decision (YES) is 
obtained in both steps S16 and S17, the control flow 
goes to step S20. If a negative decision (NO) is 
obtained in step S16 and/or step S17, that is, if it is 
impossible to prevent the vehicle collision with the 
obstacle and/or the vehicle deviation from the nominal 
running path, the control flow goes to step S1 8 to deter- 
mine whether the present desired deceleration value G 
(positive value) of the vehicle is equal to or larger a max- 
imum value Gmax. If the present desired deceleration 
value G is smaller the maximum value Gmax, the con- 
trol flow goes to step S19 to increment the desired 
deceleration value G by a predetermined value g. If the 
present desired deceleration value G is equal to or 
larger the maximum value Gmax, an affirmative deci- 
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sion (YES) is obtained in step S18, and the control flow 
goes to step S20 to determine whether the vehicle has 
been brought to a stop. If a negative decision (NO) is 
obtained in step S20, one cycle of execution of the 
present control routine is terminated, and the control 5 
flow goes back to step S1. If an affirmative decision 
(YES) is obtained in step S20, the control flow goes to 
step S21 to turn off the alarm indicator 186 and reset 
the flags F1 and F2 to "0" to terminate the brake appli- 
cation to the vehicle. w 
[0048] The vehicle stability control apparatus 
according to the present embodiment is constructed 
such that the desired deceleration value G of the vehicle 
during the automatic brake application control is incre- 
mented if the automatic brake application to the vehicle is 
so as to achieve the present desired deceleration value 
G does not make it possible to prevent the hazardous 
running condition of the vehicle and if the present 
desired deceleration value G is smaller the maximum 
value Gmax. Thus, the automatic brake application is 20 
continued by incrementing the braking pressure in the 
wheel brake cylinders 20-23 by a predetermined value 
corresponding to the increment value g of the desired 
deceleration value G, to increment the actual vehicle 
deceleration value. If it is determined that the brake 25 
application to the vehicle so as to achieve the present 
desired deceleration value G makes it possible to pre- 
vent the hazardous vehicle condition, or if the present 
desired deceleration value G has been incremented to 
the maximum value Gmax, the automatic brake applica- 30 
tion is continued with the braking pressure correspond- 
ing to the maximum desired deceleration value Gmax. 
[0049] It will be understood from the foregoing 
description of the present embodiment that the vehicle 
stability control apparatus controls the vehicle to assure 35 
a safe state of the vehicle rather than a stable running or 
turning of the vehicle, in the case where the vehicle run- 
ning stability control does not make it possible to pre- 
vent a hazardous running condition of the vehicle. The 
automatic brake application which has been initiated the 40 
predetermined time T after the moment of activation of 
the alarm indicator 186 (after the moment of detection 
of a hazardous running condition of the vehicle) can be 
terminated by operating the alarm releasing member 
223, so that the vehicle can be manipulated by the vehi- 45 
cle operator so as to prevent the hazardous running 
condition of the vehicle. It is further noted that the auto- 
matic brake application is continued with the initial vehi- 
cle deceleration value as long as the hazardous running 
condition of the vehicle can be prevented with the initial so 
deceleration value. If it is determined that the hazardous 
running condition of the vehicle cannot be prevented 
with the continued brake application with the initial 
deceleration value, the desired deceleration value G is 
incremented to increment the braking pressure in the ss 
wheel brake cylinders 20-23. The automatic brake appli- 
cation is effected for the purpose of securing a safe 
state of the vehicle. In this sense, the automatic brake 



application may be initiated with the maximum value 
Gmax of the desired deceleration value G, so that the 
vehicle is braked with the maximum braking force with 
the four wheel brake cylinders 20-23 from the very 
beginning of the automatic brake application, in order to 
minimize the running distance of the vehicle required to 
stop the vehicle. 

[0050] In the present embodiment, the table of Fig. 
1 1 is used to determine whether the vehicle turning sta- 
bility control permits the vehicle to be controlled so as to 
prevent a hazardous running or turning condition of the 
vehicle. However, the table of Fig. 11 may be replaced 
by a predetermined inequity which includes the angle p 
and the angular velocity P'. 

[0051] The image data processing device 226 and 
the brake control device 150 may be principally consti- 
tuted by a single computer. 

[0052] It will be understood from the foregoing 
description of the present embodiment that the vehicle 
stability control apparatus is constituted by the brakes 
16-19, brake control device 150, hydraulic pressure 
control unit 180, hazard lamp 184, alarm indicator 186, 
steering angle sensor 216, yaw rate sensor 218, lateral 
deceleration sensor 220, vehicle speed sensor 222, 
cameras 224 and image data processing device 226. It 
will also be understood that the cameras 224 and the 
obstacle detecting portion of the image data processing 
device 226 cooperate to constitute an obstacle detect- 
ing device for detecting an obstacle in front of the vehi- 
cle and in the running path of the vehicle, while the 
cameras 224 and the lane detecting portion of the 
image data processing device 226 cooperate to consti- 
tute a lane detecting device for detecting a lane-defining 
line which defines a traffic lane on which the vehicle is 
running. It will further be understood that a portion of the 
brake control device assigned to implement step S3 
constitutes a running path estimating device for estimat- 
ing the running path of the vehicle, and that a portion of 
the brake control device assigned to implement step S5 
constitutes a vehicle^deviation determining device for 
determining whether there is a risk of a deviation of the 
vehicle from the nominal running path. It will also be 
understood that a portion of the brake control device 
150 assigned to implement steps S8-S13 constitute a 
running stability control terminating device for terminat- 
ing the vehicle stability control, while a portion of the 
brake control device 150 assigned to implement steps 
S14-S21 cooperates with the pump device 14, wheel 
brakes 1 6-1 9 and hydraulic pressure control unit 1 80 to 
constitute an automatic brake application device for 
automatically applying a brake to the vehicle. 
[0053] A second embodiment of this invention will 
be described. 

[0054] A braking system including the vehicle sta- 
bility control apparatus according to the present second 
embodiment is almost identical in hardware arrange- 
ment with the braking system of Figs. 1 and 2 including 
the vehicle stability control apparatus according to the 
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first embodiment of Figs. 1-11. The vehicle stability con- 
trol apparatus according to the second embodiment is 
. different in software arrangement from the vehicle sta- 
bility control apparatus according to the first embodi- 
ment. There will be described only a portion of the 5 
software arrangement of the present vehicle stability 
control apparatus of the second embodiment which is 
different from that of the first embodiment. 
[0055] In the present second embodiment, a vehi- 
cle deviation preventing control for preventing a devia- 10 
tion of the vehicle from the nominal vehicle running path 
and a vehicle collision preventing control for preventing 
a collision of the vehicle with an obstacle can be 
effected independently of each other. One, both or none 
of these vehicle deviation preventing control and vehicle is 
collision preventing control can be implemented by 
selectively operating two operator-controlled selector 
devices in the form of a collision-preventing-control 
selector switch SW1 and a deviation-preventing-control 
selector switch SW2. These two operator-controlled 20 
selector devices may be replaced by a single operator- 
controlled selector device. Where the vehicle deviation 
preventing control and the vehicle collision preventing 
control are implemented concurrently and in parallel 
with each other, the automatic brake application is 25 
effected according to one of the two controls which 
requires a larger braking force (to achieve a larger 
desired deceleration value G) to prevent the hazardous 
running condition of the vehicle (vehicle deviation or 
vehicle collision). The brake control device 150 uses a 30 
microcomputer which is capable of implementing the 
two controls concurrently, in a time-sharing manner. 
Further, the two controls are implemented independ- 
ently of the vehicle turning stability control such as the 
spinning preventive control and the drift-out preventive 35 
control. When the automatic brake application control is 
required according to the vehicle deviation preventing 
control or the vehicle collision preventing control in the 
process of the vehicle turning stability control, the auto- 
matic brake application control is implemented in place 40 
of the vehicle turning stability control. In this case, a 
BRAKE APPLICATION START flag F4 is set to M 1" to 
terminate the vehicle turning stability control. The vehi- 
cle deviation preventing control and the vehicle collision 
preventing control may be implemented under the con- 45 
trol of respective different computers. 
[0056] The vehicle collision preventing control is 
repeatedly implemented independently of the vehicle 
turning stability control, while the collision-preventing- 
control selector switch is held ON. Further, a determina- so 
tion as to whether it is impossible to prevent a vehicle 
collision with an obstacle is made on the basis of the 
vehicle running path estimated by the hazard determin- 
ing portion of the image data processing device 226 on 
the assumption that the vehicle is decelerated at a pre- ss 
determined reference deceleration value G v The 
present second embodiment is different from the first 
embodiment in these two aspects. The vehicle collision 



preventing control and the vehicle deviation preventing 
control will be described in more detail by reference to 
the flow charts of Figs. 12 and 13, which show a vehicle 
collision preventing control routine and a vehicle devia- 
tion preventing control routine, respectively. 
[0057]. The vehicle collision preventing control rou- 
tine of Fig. 12 is initiated with step S101 to determine 
whether the collision-preventing-control selectors 
switch SW1 is in the ON state. If a negative decision 
(NO) is obtained in step S101, the control flow goes to 
step S121 to reset flags F3 and F4 to "0" to inhibit the 
automatic brake application to the vehicle. Thus, one 
cycle of execution of the routine of Fig. 12 is terminated. 
If an affirmative decision (YES) is obtained in step 

5101, the control flow goes to step S102 to determine 
whether the HAZARD flag F3 is set at "0 n . This flag F3 
is similar to the HAZARD flag F1 in the first embodi- 
ment. If an affirmative decision (YES) is obtained in step 

51 02, the control flow goes to step S1 03 to estimate the 
vehicle running path on the assumption that the vehicle 
is decelerated at the reference deceleration value G v 
Then, steps S104, S106 and S107 which are similar to 
steps S4, S6 and S7 of Fig. 7 are implemented to deter- 
mine whether it is impossible to prevent a collision of the 
vehicle with an obstacle, and activate the alarm indica- 
tor 186 and set the flag F3 to "1", if it is impossible to 
prevent the vehicle collision with the obstacle. The 
determination in step S104 is effected on the basis of 
the estimated vehicle running path. Steps S101-S104 
and S106-S107, which correspond to the hazard deter- 
mining portion, are followed by steps S108-S1 12, S1 14- 
S116 and S118-S121, which correspond to the auto- 
matic brake application control portion and which are 
similar to steps S8-S 12, S14-S16 and S18-S21 of Fig. 
7. In step S114, the automatic brake application is 
effected so as to achieve the desired deceleration value 
Gc which is initially set to be G 0 in step S1 1 1 . 

[0058] The reference deceleration value G A is 
smaller than the initial deceleration value G 0 . These val- 
ues G t and G 0 are preferably determined depending 
upon the length of time between the moment of determi- 
nation that it is impossible to prevent the vehicle colli- 
sion and the moment of initiation of the automatic brake 
application. The reference deceleration value G-, is 
made smaller than the initial deceleration value G 0 in 
order to permit the vehicle operator who does not want 
the automatic brake application, to terminate the auto- 
matic brake application in step S121 by turning OFF the 
collision-preventing-control selector switch SW1 or an 
automatic-brake-application canceling switch, after the 
automatic brake application is initiated with the initial 
deceleration value Gq. 

[0059] The vehicle deviation preventing control rou- 
tine of Fig. 13 is initiated with step S151 to determine 
whether the deviation-preventing-control selector switch 
SW2 is in the ON state. If an affirmative decision (YES) 
is obtained in step S151, the control flow goes to steps 
S152-S168, which are similar to steps S1 -S3, S5-S15 
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and SI 7-S21 of Figs. 7 and 8. 

[0060] Described more specifically, when the 
affirmative decision is obtained in step S151, the control * 
flow goes to steps S152-S156 to determine whether it is 
impossible to prevent a deviation of the vehicle from the 5 
nominal running path of the vehicle. If it is impossible to 
prevent the vehicle deviation, the control flow goes to 
steps S157-S168 wherein the automatic brake applica- 
tion is effected to decelerate the vehicle so as to estab- 
lish the desired deceleration value G L . w 
[0061] In the present second embodiment, the vehi- 
cle collision preventing control and the vehicle deviation 
preventing control are implemented independently of 
each other, to determine whether it is impossible to pre- 
vent a collision of the vehicle with an obstacle and a 15 
deviation of the vehicle from the nominal running path, 
and set the desired deceleration values Gq and G(_ 
when it is determined that it is impossible to prevent the 
vehicle collision and deviation. Where the automatic 
brake application is required according to one of the 20 
vehicle collision preventing control and the vehicle devi- 
ation preventing control, the brake application is 
effected so as to achieve the appropriate one of the 
desired deceleration values Gq and G L . Where the 
automatic brake application is required according to 25 
both of the vehicle collision and deviation controls, the 
brake application is effected so as to achieve the larger 
one of the desired deceleration values Gq and. The 
automatic brake application is implemented by supply- 
ing the pressurized fluid delivered from the pump device 30 
14 to the wheel brake cylinders 20-23, as in the first 
embodiment. 

[0062] In the present second embodiment, one of 
the vehicle collision preventing control and the vehicle 
deviation preventing control may or may not be followed 35 
by the other control, where it is determined that it is 
impossible to prevent the vehicle collision or deviation 
according to the above-indicated one control. The alarm 
indicator 186 may be activated when a determination 
that it is impossible to prevent the hazardous condition 40 
of the vehicle is made according to one of the two con- 
trols. Two alarm indicators may be provided for the 
respective two controls. 

[0063] It will be understood from the foregoing 
description of the second embodiment that a portion of 45 
the brake control device 150 assigned to implement 
steps S101-S121 of Fig. 12 constitutes a vehicle-colli- 
sion preventing device for preventing a collision of the 
vehicle with an obstacle, while a portion of the brake 
control device 150 assigned to implement steps S151- so 
S168 constitutes a vehicle-deviation preventing device 
for preventing a deviation of the vehicle from the nomi- 
nal running path. It will also be understood that a portion 
of the brake control device 150 assigned to implement 
steps SS103 and S104 constitutes a vehicle-collision 55 
determining device to determine whether it is impossi- 
ble to prevent the vehicle collision, while a portion of the 
brake control device 150 assigned to implement steps 



S153 and S154 constitutes a vehicle-deviation deter- 
mining device for determining whether it is impossible to 
prevent the vehicle deviation. 

[0064] A third embodiment of the present invention 
will be described. The vehicle stability control apparatus 
according to the present third embodiment is almost 
identical in hardware arrangement with that of the first 
embodiment. There will be described only a portion of 
the software arrangement of the third embodiment 
which is different from that of the first embodiment. 
[0065] Like the second embodiment of Figs. 1 2 and 
13, the third embodiment uses the collision-preventing- 
control selector switch SW1 and the deviation-prevent- 
ing-control selector switch SW2, so that the vehicle 
operator may select one or both of these two controls. 
The second embodiment of Figs. 12 and 13 is adapted 
to implement the vehicle collision preventing control and 
the vehicle deviation preventing control concurrently 
with each other. In the third embodiment, the hazard 
preventing control routine consists of four portions: a 
vehicle-collision determining portion illustrated in the 
flow chart of Fig. 14; a collision-preventing brake appli- 
cation control portion illustrated in the flow chart of Fig. 
15; a vehicle-deviation determining portion illustrated in 
the flow chart of Fig. 16; and a deviation-preventing 
brake application control portion illustrated in the flow 
chart of Fig. 17. These four portions of the control rou- 
tine are executed sequentially. 

[0066] Steps S201-S204, S206 and S207 of the 
vehicle-collision determining portion of Fig. 14 of the 
hazard preventing control routine are similar to steps 
S101-S104, S106 and S107 of the vehicle collision pre- 
venting control routine of Fig. 15 of the second embodi- 
ment. In the second embodiment of Figs. 12 and 13, the 
automatic brake application control is not implemented 
when the collision-preventing-control selector switch 
SW1 is in the OFF state. When the selector switch SW1 
is in the OFF state in the present third embodiment, a 
negative decision (NO) is obtained in step S201, and 
the control flow goes to step S220 of the vehicle-devia- 
tion determining portion of Fig. 1 6, while skipping the * 
following steps of the vehicle-collision determining por- 
tion of Fig. 14 and the collision-preventing brake appli- 
cation control portion of Fig. 15. 

[0067] When the selector switch SW1 is in the ON 
state, an affirmative decision (YES) is obtained in step 
S201 , and the control flow goes to steps S202-S204 
and S206-S207. Before a HAZARD flag F7 is set to "1", 
namely, as long as an affirmative decision (YES) is 
obtained in step S202, steps S203 and S204 are imple- 
mented to determine whether it is impossible to prevent 
a collision of the vehicle with an obstacle. If it is deter- 
mined that it is possible to prevent the vehicle collision, 
the control flow goes to the vehicle-deviation determin- 
ing portion of Fig. 16. If it is determined that it is impos- 
sible to prevent the vehicle collision, an affirmative 
decision (YES) is obtained in step S 204, and the control 
flow goes to steps S206 and S207 to activate the alarm 
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indicator 1 86 and set the HAZARD flag F3 to "1 
[0068] In the present third embodiment, the HAZ- 
ARD flag F7 is used for the vehicle-deviation determin- 
ing portion of Fig. 16 as well as the vehicle-collision 
determining portion of Fig. 14. Accordingly, if it is deter- 
mined that it is impossible to prevent a deviation of the 
vehicle from the nominal running path, the alarm indica- 
tor 1 86 is activated and the flag F7 is also set to "1 \ See 
steps S223-S225 of Fig. 16. Once the flag F7 is set to 
"1" (once the alarm indicator 186 is activated), steps 
S208-S218 of Fig. 15 and steps S226-S237 of Fig. 17 
are implemented while steps S203, S204, S206, S207 
of Fig. 14 and steps S222-S225 of Fig. 16 are skipped. 
[0069] It will thus be understood that once the alarm 
indicator 186 is activated, the collision-preventing brake 
application control portion of Fig. 15 and the deviation- 
preventing brake application control portion of Fig. 17 
are alternately implemented. Even if one of the collision- 
preventing brake application control portion of Fig. 15 
and the deviation -preventing brake application control 
portion of Fig 1 7 determines that the brake application 
to the vehicle so as to achieve the desired deceleration 
value G makes it possible to prevent a hazardous run- 
ning condition of the vehicle (vehicle collision or devia- 
tion), the other brake application control portion may 
determine that the brake application does not make it 
possible to prevent the hazardous running condition of 
the vehicle. In this case, the desired vehicle decelera- 
tion value G is incremented by a predetermined amount 
"g" in step S217 or S235, to increase the total braking 
force applied to the vehicle by the automatic brake appli- 
cation in step S213 or S231. Thus, the automatic brake 
application is continued as long as at least one of the 
collision-preventing and deviation -preventing brake 
application control portions of Figs. 15 and 17 deter- 
mines that the automatic brake application does not 
make it possible to prevent the hazardous running con- 
dition of the vehicle. Further, the desired vehicle decel- 
eration value G to be obtained by the automatic brake 
application is incremented while it is determined that the 
vehicle collision or deviation cannot be prevented. 
[0070] While the collision-preventing control selec- 
tor switch SW1 and the deviation-preventing control 
selector switch SW2 are both placed in the ON state in 
the present third embodiment, the alarm indicator 1 86 is 
activated when at least one of the vehicle-collision 
determining portion of Fig. 14 and the vehicle-deviation 
determining portion of Fig. 16 determines that it is 
impossible to prevent at least one of the vehicle collision 
and deviation. Once the alarm indicator 1 86 is activated 
in step S206 or S224, the two brake application control 
portions of Figs. 15 and 17 are executed alternately, 
irrespective of the brake application control portion in 
which the alarm indicator 186 has been activated, so 
that the automatic brake application to the vehicle is 
continued with an incremental increase of the total brak- 
ing force by an incremental increase of the desired vehi- 
cle deceleration value G, until the total braking force is 



increased to a value that can prevent the vehicle colli- 
sion or deviation. Accordingly, the present third embod- 
iment, does not require the two desired vehicle 
deceleration values G c and G L as used in the second 

5 embodiment of Figs. 12 and 13, and does not require 
comparison of those two desired deceleration values to 
select the higher one when it is determined that it is 
impossible to prevent both the vehicle collision and the 
vehicle deviation. 

io [0071] While the two presently preferred embodi- 
ments of the vehicle stability control apparatus of the 
invention as used in the hydraulically operated braking 
system have been described, the vehicle stability con- 
trol apparatus of the present invention is equally appli- 

75 cable to a braking system which is not hydraulically 
operated. An example of such non-hydraulically-oper- 
ated braking system is shown in Fig. 18, 
[0072] The braking system shown in Fig. 18 is 
almost identical in construction with a braking system as 

20 disclosed in J P-A-1 1-170991 and U.S. Patent Applica- 
tion No. 09/208,728. The same reference signs as used 
in Fig. 1 are be used in Fig. 18 to identify the functionally 
corresponding elements. The instant braking system is 
adapted for use on a four-wheel drive vehicle having a 

25 front left wheel FL, a front right wheel FR, a rear left 
wheel RL and a rear right wheel RR. The vehicle 
includes a drive power source in the form of an internal 
combustion engine 280, and a power transmitting 
device in the form of an automatic transmission (AT) 
30 282. 

[0073] Each of the front left and right wheels FL, FR 
is provided with an electrically operated disc brake 302 
which uses an ultrasonic motor 300 as a drive source 
and which does not use any working fluid for brake 

35 application. On the other hand, each of the rear left and 
right wheels RL, RR is provided with an electrically 
operated drum brake 306 serving as a normal brake, 
and a mechanically operated drum brake 310 serving 
as an emergency brake. The drum brake 306 uses a DC 

40 motor 304 as a drive source and does not use any work- 
ing fluid. The drum brake 306 is operated in response to 
an operation of the brake pedal 1 0. The mechanically 
operated drum brake 36 is operated in response to an 
operation of an emergency brake pedal 308. This drum 

45 brake 310 does not use any working fluid, either. The 
brake pedal 1 0 is operatively connected to a stroke sim- 
ulator 31 1 , which permits the brake pedal 1 0 to have an 
operating stroke corresponding to an amount of operat- 
ing force acting thereon. 

so [0074] The brake control device 150 receives out- 
put signals of the alarm releasing member 223, a brake 
force sensor 31 2, an angular position sensor 31 4, and a 
motor current sensor 31 6. The brake force sensor 31 2 is 
provided for each of the electrically operated disc and 

55 drum brakes 302, 304, for detecting a physical quantity 
relating to the braking force generated by each brake 
302, 304. The angular position sensor 312 is provided 
for detecting the angular position of the motor 300, 304 
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used to drive each brake 302, 304. The motor current 
sensor 316 is provided for detecting an electric current 
applied to the motor 300, 304. 

[0075] The brake control device 150 also receives 
output signals of a brake pedal position sensor 31 8, an 5 
operating force sensor 320, an emergency brake pedal 
switch 322, a brake pedal switch 324, an accelerator 
pedal switch 326, an accelerator-pedal operating 
amount sensor 328, a longitudinal acceleration 330 and 
wheel speed sensors 332, as well as the steering angle 10 
sensor 216, yaw rate sensor 218, lateral acceleration 
sensor 220 and image data processing device 226, 
which have been described above with respect to the 
first embodiment. As in the first embodiment, the image 
data processing device 226 is adapted to process 15 
image data obtained by the cameras 224. 
[0076] The present braking system includes a pri- 
mary battery 340 which serves as a power source for 
operating ail of the electrically operated elements of the 
system except the motors 300. 20 
[0077] The operating force sensor 320 is provided 
to detect the operating force acting on the brake pedal 
10. The emergency brake pedal switch 322 is provided 
to detect an operation of the emergency brake in the 
form of the mechanically operated drum brakes 310. 25 
The switch 322 generates an OFF signal (first signal) 
when the emergency brake pedal 308 is placed in the 
non-operated position, and an ON signal (second sig- 
nal) when the emergency brake pedal 308 is placed in 
an operated position. The brake pedal switch 324 is pro- 30 
vided to detect an operation of the normal brake in the 
form of the electrically operated drum brakes 306. The 
switch 324 generates an OFF signal (first signal) when 
the brake pedal 10 is in the non-operated position, and 
an ON signal (second signal) when the brake pedal 10 35 
is in an operated position. The accelerator-pedal oper- 
ating amount sensor 328 is provided to detect a desired 
amount of operation of an accelerating member in the 
form of the accelerator pedal 334. The longitudinal 
acceleration sensor 330 is provided to detect the decel- 40 
eration value of the vehicle in the longitudinal direction. 
The wheel speed sensors 332 are provided to detect 
the rotating speeds of the wheels FL, FR, RL and RR. 
The angular position sensor 314 is provided to detect 
the angular position of each motor 300, 304. The motor 45 
current sensor 316 is provided to detect an amount of 
electric current flowing through the coil winding of each 
motor 300, 304. 

[0078] To the output portion of the brake control 
device 1 50, there are connected a first driver circuit 350 so 
and a second driver circuit 352. The first driver circuit 
350 is provided between a first battery 354 serving as a 
power source and the ultrasonic motors 300 of the elec- 
trically operated disc brakes 302 for the front wheels. 
On the other hand, the second driver circuit 352 is pro- 55 
vided between a second battery 356 serving as a power 
source and the DC motors 304 of the electrically oper- 
ated drum brakes 306 for the rear wheels. When the 



brake pedal 1 0 is operated, the brake control device 1 50 
applies control signals to the driver circuits 350, 352 so 
that an electric current is applied from the batteries 354, 
356 to the motors 300, 304. 

[0079] The brake control device 150 is also adapted 
to apply control signals to the hazard lamp 1 84 and the 
alarm indicator 1 86. 

[0080] In the braking system of Fig. 18, the brake 
control device 1 50 executes a vehicle stability control so 
as to prevent a hazardous running condition of the vehi- 
cle by automatic brake application to the vehicle when it 
is determined that a vehicle running stability control 
does not permit the vehicle to be controlled so as to pre- 
vent a collision of the vehicle with an obstacle or a devi- 
ation of the vehicle from the nominal running path. 
[0081 ] It is to be understood that the present inven- 
tion may be embodied with various other changes, mod- 
ifications and improvements, which may occur to those 
skilled in the art, without departing from the spirit and 
scope of the invention defined in the following claims: 

Claims 

1. A vehicle stability control apparatus comprising a 
vehicle running stability control device for control- 
ling an automotive vehicle for stable running of the 
vehicle, and a braking device for applying a brake to 
the vehicle, said apparatus further comprising: 

a hazard detecting device (150, 224, 226) for 
detecting a hazardous condition of the vehicle; 
and 

an automatic brake application device (150, 14, 
16-19,1 80, 302, 306, 350, 352, 354, 356) oper- 
able to activate said braking device (14, 16-19, 
180, 302, 306), when said hazard detecting 
device has detected said hazardous condition 
of the vehicle at least during an operation of 
said vehicle running stability control device 
(150, 14, 16-19, 180, 302, 306, 350, 352, 354, 
356). 

2. A vehicle stability control apparatus according to 
claim 1, wherein said hazard detecting device 
includes an obstacle detecting device (224, 226) for 

• detecting an obstacle in front of the vehicle as seen 
in a running direction of the vehicle, said automatic 
brake application device (150, 14, 16-19, 180, 302, 
306, 350, 352, 354, 356) being operable to activate 
said braking device (14, 16-19, 180, 302, 306), 
when an output of said obstacle detecting device at 
least during an operation of said vehicle running 
stability control device (150, 14, 16-19, 180, 302, 
306, 350, 352, 354, 356) indicates that there is a 
risk of a collision of the vehicle with said obstacle. 

3. A vehicle stability control apparatus according to 
claim 2, wherein said automatic brake application 
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device is operated during an operation of the vehi- 
cle running stability control device, when the output 
of said obstacle detecting device indicates that 
there is said risk of the collision of the vehicle with 
said obstacle. 5 

A vehicle stability control apparatus according to 
claim 1, wherein said hazard detecting device 
includes a vehicle-deviation determining device 
(150, 224, 226) for determining whether there is a 10 
risk of a deviation of the vehicle from a nominal run- 
ning path of the vehicle, said automatic brake appli- 
cation device being operable to activate said 
braking device, when an output of said vehicle-devi- 
ation determining device at least during an opera- 15 
tion of said vehicle running stability control device 
indicates that there Is said risk of the deviation of 
the vehicle from said nominal running path. 

A vehicle stability control apparatus according to 20 
claim 4, wherein said automatic brake application 
device is operated during an operation of said vehi- 
cle running stability control device, when the output 
of said vehicle-deviation determining device indi- 
cates that there is said risk of the deviation of the 25 
vehicle from said nominal running path. 

A vehicle stability control apparatus according to 
claim 4 or 5, wherein said vehicle-deviation deter- 
mining device includes a lane detecting device 30 
(224, 226) for detecting a lane-defining line which 
defines a traffic lane on which the vehicle is run- 
ning, said vehicle-deviation determining device 
determining that there is a risk of the deviation of 
the vehicle from said nominal running path, when 35 
an angle between said lane-defining line detected 
by said lane detecting device and a longitudinal 
direction of the vehicle is larger than a predeter- 
mined upper limit. 

40 

A vehicle stability control device according to claim 
6, wherein said vehicle-deviation determining 
device further includes a running-path estimating 
device (150, 218) for estimating an actual running 
path of the vehicle, on the basis of a yaw rate of the 45 
vehicle. 

A vehicle stability control device according to claim 
6 or 7, wherein said vehicle-deviation determining 
device includes an image obtaining device (224) for so 
obtaining image data representative of an image of 
a scene in front of the vehicle as seen in a longitu- 
dinal direction of the vehicle, and an image-data 
processing device (226) for processing said image 
data to determine a lane-defining line which defines 55 
a traffic lane on which the vehicle is running. 

A vehicle stability control device according to any 



one of claims 1 -8, further comprising running stabil- 
ity control terminating device (150, S8-S13) for ter- 
minating the operation of said vehicle running 
stability control device (150, 14, 16-19, 180, 302, 
306, 350, 352, 354,, 356) when said braking device 
(14, 16-19, 180, 302, 306) is activated by said auto- 
matic brake application device(150, 14,16-19, 180, 
302, 306, 350, 352, 354, 356). 

10. A vehicle stability control apparatus according to 
any one of claims 1-9, wherein said automatic 
brake application device controls said braking 
device (14, 16-19, 180, 302, 306, 350, 354, 356) to 
brake ail of a plurality of wheels (FR, FR, RL, RR) of 
the vehicle such that a total braking force generated 
by said all of said plurality of wheels is equal to a 
predetermined maxim value. 

11- A vehicle-collision preventing device apparatus for 
preventing a collision of an automotive vehicle with 
an obstacle, comprising: 

a braking device (14, 16-19, 180, 302, 306, 
350, 352, 354, 356) for applying a brake to the 
vehicle; 

a running-path estimating device (150, S103, 
S203) for estimating a running path of the vehi- 
cle; 

an obstacle detecting device (224, 226) for 
detecting an obstacle existing in front of the 
vehicle and in said running path of the vehicle 
estimated by said running-path estimating 
device; 

a vehicle speed detecting device (222) for 
detecting a running speed of said vehicle; 
a vehicle-collision determining device (150, 
S104, S204) for determining, on the basis of 
said running speed detected by said vehicle 
speed detecting device, whether there is a risk 
of a collision of the vehicle with said obstacle 
detected by said obstacle detecting device on 
an assumption that the vehicle is braked at a 
predetermined reference deceleration value 
(G t ); and 

an automatic brake' application device (1 50, 
S114, S213, 14, 16-19, 180, 302, 306, 350, 
352, 354, 356) operable to activate said brak- 
ing device to brake said vehicle at a decelera- 
tion value (G 0 ) whose absolute value is larger 
than that of said reference deceleration value, 
when said vehicle-collision determining device 
has determined that there is said risk of the col- 
lision of the vehicle with said obstacle. 

12. A vehicle-collision preventing apparatus according 
to claim 11, wherein said running-path estimating 
device, said vehicle speed detecting device and 
said vehicle-collision determining device are kept 
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operated even after an operation of said braking 
device is initiated by said automatic brake applica- 
tion device, said vehicle-collision determining 
device including deceleration increasing means 
(150, S119, S21 7) for increasing the absolute value 5 
of the deceleration value to be established by the 
operation of the braking device under the control of 
said automatic brake application device, as long as 
said vehicle-collision determining device keeps 
determining that there is said risk of the collision of w 
the vehicle with said obstacle. 

13. A vehicle-deviation preventing apparatus for pre- 
venting a deviation of an automotive vehicle from a 
nominal running path of the vehicle, comprising: 75 

a braking device (14, 16-19, 180, 302, 306, 
350, 352, said risk of the vehicle deviation from 
said nominal running path. 

20 

14. A vehicle-deviation preventing apparatus according 
to claim 13, further comprising an alarm indicator 
device (186) operable when said vehicle-deviation 
determining means has determined that there is 
said risk of the deviation of the vehicle, to warn an 25 
operator of the vehicle that there is said risk. 



15. A vehicle-deviation preventing apparatus according 
to claim 13 or 14, further comprising an operator- 
controlled member (223), and an automatic-brake- 30 
application inhibiting device (150, S8, S21, S157, 
S168, S226, S237) for inhibiting an operation of 
said automatic brake application device when said 
operator-controlled member is operated. 

35 

16. A vehicle-deviation preventing apparatus according 
to claim 13, further comprising: 

an alarm indicator device (186) operable when 
said vehicle-deviation determining device has 40 
determined that there is said risk of the devia- 
tion of the vehicle, to warn an operator of the 
vehicle that there is said risk; 
an operator-controlled member (223); and 
an automatic-brake-application inhibiting 45 
device (150, S8, S21, S157, S168, S226, 
S237) for inhibiting an operation of said auto- 
matic brake application device when said oper- 
ator-controlled member is operated, 
and wherein said automatic brake application so 
device activates said braking device when a 
predetermined time has passed without an 
operation of said operator-controlled member 
after said alarm indicator device is operated. 
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